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PREFACE. 


Those  members  of  the  profession  who  confine  their  reading  to 
English  alone  will  welcome  this  translation  of  Professor  Roger's 
great  work.  His  subject  comprehends  almost  the  entire  scope  of 
internal  medicine  and  touches  many  of  the  principles  underlying 
modern  surgery  as  well. 

During  the  last  decades  the  marvellous  discoveries  in  pathology 
have  succeeded  one  another  with  such  bewildering  rapidity  that 
time  has  apparently  been  lacking  for  the  assimilation  of  the  newly 
accjuired  knowledge;  and,  as  a  result,  many  have  failed  to  corre- 
late the  new  theories  with  the  old  facts.  The  efifect  of  the  present 
vokirae  is  to  harmonize  any  seeming  antagonism  between  experi- 
mental research  and  clinical  observation,  and  to  reduce  the  theories 
of  infection  and  immunity  to  the  basis  of  practical  utility. 

This  material  could  not  have  been  prepared  by  a  laboratory 
investigator  however  brilliant,  nor  by  a  clinician  however  pro- 
found his  experience,  nor  yet  could  it  have  been  the  product  of 
collaboration:  its  creation  remained  for  one  who  combined  the 
instincts  and  training  of  a  student  at  home  in  original  research 
with  almost  unprecedented  opportunities  for  clinical  investigation. 
Possessed  of  an  equal  facility  in  each,  Professor  Roger  has  pursued 
cHnical  and  experimental  researches  jointly,  although  he  always 
subordinates  the  latter  to  the  former  and  never  loses  sight  of  the 
fact  that  the  purpose  of  the  laboratory  is  to  amplify  and  explain 
clinical  observations,  to  the  end  that  from  both  the  therapist  should 
r(»ceive  information  indispensable  to  practical  results. 

With  the  directness  of  the  true  philosopher,  the  author  unfolds 
his  subjects  by  using  the  simplest  methods.     He  first  studies  the 
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pathogenic  agents,  inquires  into  their  distribution  in  natiu^e,  the 
conditions  under  which  they  attack  man,  and  their  mode  of  inva- 
sion. Full  consideration  is  then  given  to  their  influence  upon 
the  human  economy  and  the  reaction  of  the  latter  upon  the  in- 
vaders. Heredity,  predisposition,  and  immunity  receive  specific 
and  general  attention,  while  to  the  more  directly  practical  depart- 
ments of  diagnosis,  prognosis,  and  treatment,  both  preventive  and 
curative,  ample  time  and  space  are  devoted. 

While  the  reading  of  no  page  may  be  omitted  without  loss,  it 
is  desired  to  direct  special  attention  to  the  author's  consideration 
of  the  influence  of  infection  upon  the  various  organs  of  the  body 
— ^his  researches  in  experimental  appendicitis,  pseudotuberculosis, 
variola,  and  the  vesicatory  test;  also  to  his  admirable  treatment 
of  the  pathology  of  fevers  and  the  defenses  of  the  organism  against 
infections.  The  final  chapters,  comprising  more  than  a  quarter 
of  the  volume,  are  devoted  to  a  masterly  discussion  of  the  thera- 
peutics of  infectious  diseases. 

As  a  basis  for  his  opinions  in  the  matter  of  treatment,  as  well 
as  the  clinical  observations  reflected  throughout  the  work,  Pro- 
fessor Roger  has  had  recourse  to  the  opportunities  afiforded  him 
at  the  H6tel  Dieu  and  the  isolation  wards  in  the  hospital  of  Porte 
d'Aubervilliers.  In  these,  the  latter  of  which  receives  all  cases 
of  contagious  diseases  occurring  in  Paris,  he  personally  attended 
over  ten  thousand  patients  during  a  period  of  five  years. 

The  author  knows  his  subject  thoroughly,  and,  like  a  strong 
man  rejoicing  in  his  strength,  he  takes  a  keen  delight  in  grappling 
with  its  problems.  No  doubt  many  readers  will  join  him  m  this 
pleasure  and  thereby  become  stronger  men. 
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"Infection,"  they  say,  "is  the  mode  of  propagation  of  certain 
diseases  which  depend  upon  the  toxic  or  morbific  action  exerted  by 
decaying  vegetable  or  animal  substances  and  the  miasms  exhaled  by 
the  healthy  or  diseased  human  body  upon  one  or  several  individuals 
placed  under  conditiona  which  render  them  particularly  susceptible 
to  their  influence. 

"Contagion  is  that  mode  of  propagation  of  disease  by  which  an 
afflicted  individual  communicates  the  malady  to  others  favorably 
situated  to  receive  it,  and  the  latter,  in  their  turn,  become  agents  of 
propagation  of  the  disease  the  characters  of  which  remain  identical 
throughout." 

It  is  interesting  t-o  note  that  in  the  foregoing  two  definitions  the 
authors  admit  the  necessity  of  morbid  opportunity  for  the  genesis 
of  infectious  and  contagious  diseases — a  conception  that  has  been 
fully  confirmed  by  recent  researches.  On  the  other  hand,  the  con- 
tagious diseases  which  are  always  reproduced  with  the  same  char- 
acters belong  to  what  are  at  present  designated  as  infectious  diseases. 
It  is  to  be  noted,  however,  that  in  passing  from  one  individual  to 
another,  the  disease  does  not  always  preserve  its  primitive  character. 
Erysipelas,  for  instance,  may  engender  puerperal  fever.  The  defini- 
tion of  infections  is  still  less  successful,  for  it  is  applicable  to  a  great 
variety  of  morbid  states  due  to  intoxications.  This  confusion  is 
encountered  even  in  recent  works.  Several  processes  that  are  in 
reality  to  be  attributed  to  autointoxication  have  been  described 
under  the  name  of  autoinfection. 

It  is  thus  evident  that,  toward  the  middle  of  the  nineteenth  cen- 
tury, the  diseases  transmitted  through  the  agency  of  air — i.  e.,  mias- 
matic diseases — were  considered  as  infectious  and  were  clearly  dis- 
tinguished from  those  conveyed  by  contact,  either  mediate  or  imme- 
diate.' The  limits  of  infections,  however,  were  soon  to  be  widened. 
The  miasmatic  diseases  were  classed  with  those  arising  from  inocu- 
lation or  absorption  of  decaying  organic  substances.  The  group  of 
autoinfections  were  thus  created  and  included  the  two  great  processes 
which  are  still  designated  as  purulent  and  putrid  infection. 

We  are  thus  brought  to  the  present  time,  when  investigators  seeking 
for  the  causes  of  these  miasmatic  diseases,  putrii:!  and  purulent, 
demonstrated  the  intervention  of  microscopic  animate  agents.  The.se 
animate  agents  were  first  discovered  in  the  air,  and  the  miasmatic 
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this  part  of  medicine.  Mediate  or  immediate  contagion,  regular  or 
irregular  types,  malignant  or  benign,  early  or  belated  complications, 
all  had  been  observed  by  the  older  physicians,  and  it  is  hardly  prob- 
able that  the  discovery  of  the  agents  giving  rise  to  these  infections 
will  greatly  modify  the  ancient  descriptions. 

Should  bacteriological  research  be  taken  as  an  exclusive  basis  it 
would  lead  to  the  separation  of  certain  diseases  which  clinical  obser- 
vation seems  to  have  rightly  classed  together.  Paludism  is  the  most 
characteristic  type  of  miasmatic  infections.  It  is  produced,  not  by 
bacteria,  but  by  animal  parasites — protozoa.  Accordingly,  it  should 
be  excluded  from  the  group  of  infections,  a  step  which  no  observer 
would  approve.  The  same  is  true  also  of  smallpox,  varicella,  and 
vaccinia,  provided,  as  numerous  investigations  tend  to  prove,  we 
admit  that  they  are  due  to  animal  parasites.  Nevertheless,  by  their 
symptomatic  and  contagious  characters,  they  head  the  list  of  infec- 
tious diseases. 

The  study  of  tuberculosis  and  actinomycosis  furnishes  fresh  con- 
firmation for  our  view.  Clinical  observers  had  noted  strong  analogies 
between  these  two  diseases.  Bacteriology  widened  the  breach  sepa- 
rating them.  One  of  them,  tuberculosis,  was  classed  among  the 
infections,  since  it  depends  upon  a  bacillus;  the  other,  actinomycosis, 
was  included  with  parasitic  diseases,  as  it  is  due  to  an  algvd  whose 
organization  is  far  more  complex.  Recent  researches,  however,  tend 
to  justify  the  clinical  view  by  establishing  a  close  relationship,  at 
first  unsuspected,  between  the  two  pathogenic  agents.  The  infective 
agent  of  tuberculosis  seems  to  have  unduly  occupied  a  place  among 
the  bacilli.  Under  certain  conditions  this  plant  presents  prolonga- 
tions, ramifications,  and  swellings:  it  assumes  the  aspect  of  actino- 
myces,  and,  like  it,  enters  into  the  group  of  streptothrix  or  oospora. 
Additional  inquiry  has  thus  established  an  etiological  analogy  cor- 
responding to  symptomatic  analogy.  If,  however,  bacterial  diseases 
alone  should  be  considered  as  infectious,  tuberculosis  would  have  to 
be  excluded  from  the  group  of  infections.  If,  on  the  other  hand, 
tuberculosis  should  be  retained  in  that  group,  then  actinomycosis 
should  also  be  assigned  alike  position;  and  there  remains  no  reason 
why  those  diseases  which  are  caused  by  a  certain  species  of  asper- 
gillus  or  certain  yeasts  should  not  be  placed  in  the  same  category. 

Abandoning  etiological  classification,  some  authors  have  chosen 
pathogenesis  as  a  basis.  A  disease  should  be  called  infectious  or 
parasitic,  according  to  the  mode  of  action  of  the  cause.    In  the  former 
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I  duction  into  the  system  and  the  appearance  of  the  first  morbid 
I  reactions.  This  is  the  period  of  incubation.  It  properly  belongs  to 
I  infectious  and  parasitic  diseases.  In  practice,  however,  it  is  often 
f  impossible  to  distinguish  the  incubation  period  from  the  jieriod  of 
latency  obser\'ed  under  a  great  number  of  circumstances,  notably 
in  intoxications  and,  at  times,  also  in  nervous  reactions. 

When  the  microbe  is  sufficiently  developed  the  organism  reacts 
by  two  orders  of  manifestations,  namely,  local  and  general.    The 
local  reactions  cannot  serve  to  characterize  infection,  for  they  appear 
in  many  parasitic  diseases,  and  also  in  various  intoxications.    The 
general  reactions,  including  fever,  are  likewise  observed  in  poison- 
ings, in  autointoxications— gout,  for  example. 
Thus,  taken  separately,  each  of  the  characters  of  infection  presents 
,  nothing  special.     We  must,  therefore,  acknowledge  the  singular 
genius  of  the  early  observers  who,  in  the  midst  of  analogous  etio- 
I  ic^cal    conditions   and  comparable  sjTnptomatic  manifestations, 
^  were  able  to  classify  the  infectious  processes.     Modem  researches 
I   have  in  almost  every  instance  confirmed  the  results  of  their  intuition, 
adding  an  element  of  certainty  by  the  discovery  of  the  animate 
agent. 

In  our  definition  of  infectious  diseases  we  must,  therefore,  empha- 
size the  animate  nature  of  the  pathogenic  agent.  We  will  state  that 
infectious  diseases  belong  to  the  clas,^  of  parasitic  diseases;  but  they 
here  occupy  a  special  place.    How  can  we  distinguish  them? 

Despite  our  endeavors,  the  distinction  will  necessarily  be  an  arti- 
ficial one.  All  attempts  at  classification  are  arbitrary,  since  distinc- 
tions rest  only  upon  differences  of  degree.  However,  let  us  attempt 
to  point  out  the  limits  between  the  two  groups. 

The  fundamental  character  of  the  parasite  is  to  live  at  the  expense 
of  the  being  it  inhabits  without  endangering  the  existence  of  its  host. 
It  exert-s  as  little  harmful  influence  upon  the  host  as  possible.  If  it 
ever  causes  death  it  is  as  a  matter  of  accident.  Parasites,  such  as 
intestinal  worms  and  cutaneous  parasites,  do  exert  a  toxic  action, 
but  this  is  of  a  local  character.  The  blue  spots  caused  by  the  pedic- 
vlis  jntbif^  express  an  intoxication  which  does  not  extend  beyond 
the  integmnent.  The  pustules  of  scabies  are  produced  by  secondary 
infection."?  facilitated  by  the  presence  of  the  specific  agent.  At  all 
events,  general  reactions  are  absent,  and  if  any  do  occur,  they  are  of 
a  reflex  nature,  such  as  might  be  occasioned  by  any  foreign  body, 
even  of  inorganic  nature,  that  irritates  the  nerve  terminations.    Even 
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powerful  to  appreciably  impress  the  whole  organism.  They  give  rise 
only  to  some  local  phenomena. 

The  action  of  infectious  agents  upon  the  organism  is  complex. 
Their  mechanical  r61e  is  very  little,  if  at  all,  marked.  They  act 
mainly  through  the  noxious  substances  elaborated  by  them.  For 
this  reason  it  is  possible  to  say  that  infection,  in  the  last  analysis, 
is  intoxication  of  parasitic  origin. 

It  will  now  be  easier  for  us  to  understand  how  the  group  of  infec- 
tions should  be  formed.  Inspired  with  the  definition  proposed  by 
Prof.  Bouchard  for  disease  in  general,  we  shall  say:  Infectious  diseases 
are  characterized  by  the  phenomena  manifested  in  an  individual 
when  undergoing  the  action  of  parasitic  toxins  and  reacting  against 
them. 

Objections  could  be  raised  against  this  definition.  It  seems  to  the 
writer,  however,  that  it  is  quite  in  harmony  with  facts  actually 
known.  It  has  the  advantage  of  placing  clinical  phenomena  in  the 
first  rank,  and  at  the  same  time  it  takes  cognizance  of  etiology  and 
pathogenesis.  If  it  is  applicable  to  certain  parasitic  diseases,  it  is  so 
for  the  reason  that  facts  constitute  an  uninterrupted  chain  in  nature. 

Classification  of  Infectious  Diseases. 

An  exclusively  microbiological  classification  is  impossible,  since 
apparently  identical  clinical  manifestations  may  be  caused  by  differ- 
ent microbes,  and,  on  the  other  hand,  one  and  the  same  microbe  may 
give  rise  to  quite  different  manifestations. 

These  facts  are  well  known.  Suppuration,  for  instance,  may  be 
engendered  by  the  most  diverse  bacteria.  Likewise,  in  intoxications, 
many  poisons  produce  the  same  symptoms:  convulsions,  paralyses, 
coma.  To  recall  a  simpler  illustration,  excitation  of  a  nerve,  what- 
ever the  irritant  employed,  whether  physical,  chemical,  or  physio- 
logical, always  produces  the  same  effect.  The  organism  has  at  its 
disposition  but  a  limited  number  of  responsive  modes;  hence  it  is 
conceivable  that,  in  pathology  as  well  as  in  physiology,  different 
excitations  may  be  followed  by  similar  reactions. 

To  return  to  the  microbes.  Bacteriological  researches  have  demon- 
strated  that  ulcerative  endocarditis  may  be  the  result  of  the  action 
of  the  most  varied  microbes.  The  same  is  true  in  regard  to  broncho- 
pneumonias, and  the  anatomicoclinical  distinctions  which  some 
authors  have  attempted  to  establish  according  to  the  nature  of  the 
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In  specific  infections  the  pathogenic  agent  suffices  to  characterize 
;ase.  Such,  for  instance,  are  anthrax,  tuberculosis,  and  diph- 
theria.. This  class  is  divisible  into  tliree  orders  according  as  the 
pathogenic  parasite  is  a  bacterium,  a  more  highly  organized  plant, 
or  an  animal  agent,  A  fourth  order,  which  will  sooner  or  later  dis- 
appear, comprises  those  infections,  such  as  hydrophobia,  syphilis, 
typhus  fever,  and  scarlatina,  the  pathogenic  agents  of  which  have 
not  yet  been  discovered. 

Non-specific  infections  differ  from  the  preceding  by  the  followii^ 
characters:  1,  They  are  due  to  common  bacteria  almost  constantly 
inhabiting  our  mucous  membranes  and  skin,  vegetating  as  simple 
saprophytes,  2,  Each  clinical  type  may  be  produced  by  different 
agents,  3.  Each  microbe  may  give  rise  to  the  most  varied  manifes- 
tations. 

Non-specific  infections  comprise  exudative  inflammations,  such  as 
erysipelas;  suppurative  processes,  such  as  phlegmon;  degenerative 
conditions,  such  as  grave  icterus ;  pseudomembranous  inflammationB, 
such  as  certain  non-diphtheritic  sore  throats:  ulcerating  affections, 
such  as  infectious  endocarditis,  and  necrosing  processes,  such  as  pul- 
monary gangrene.  Now,  the  feature  of  dominant  importance  in  the 
history  of  these  diseases  is  not  the  nature  of  the  pathogenic  agent, 
but  the  morbid  localization.  The  same  microbe,  staphylococcus 
aureus,  for  example,  produces  furuncle,  osteomyelitis,  and  ulcerative 
endocarditis,  yet  no  one  would  think  of  including  in  one  chapter 
affections  so  different  from  each  other.  These  non-specific  infectiona 
must,  therefore,  be  considered  in  connection  with  the  organs  in  which 
the  process  is  locaHzed,  and  with  other  ulcerations  which  may  affect 
the  same  viscera. 

SubdiTisiona  of  Specific  infectioiiB .  We  wilt  admit  two  groups  in  the 
class  of  specific  infections,  placing  general  infections  of  septicemic 
or  pyemic  character  in  the  first  group,  and  in  the  second  those  in 
which  visceral  locaUzation  immediately  attracts  the  clinician's  atten- 
tion as  a  matter  of  prime  importance, 

The  general  specific  infections  comprise  three  classes:  eruptive 
infections,  septicemic  infections,  and  infections  with  nodular  pro- 
ductions. 

Eruplive  mjections  possess  an  indisputable  autonomy,  They 
cannot  be  ranked  among  infections  with  cutaneous  determination. 
They  are  general  diseases,  veritable  septicemias,  ushered  in  with 
symptoms  expressing  an  impregnation  of  the  whole  organism.    Sub- 
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it  is  not  the  local  lesion  that  kills;  on  the  contrary,  the  prognosis 
depends  upon  the  resistance  of  the  organism  to  general  infection. 

The  infections  with  nodular  productions  seem  to  me  to  constitute 
a  group  so  natural  as  to  require  no  further  discussion.  Glanders  links 
this  group  with  septicopyemic  infections.  Tuberculosis,  leprosy, 
and  nodular  mycoses  are  characterized  by  entirely  comparable  reac- 
tionary manifestations. 

Non-specific  infections  are  classified  according  to  the  predominat- 
ing symptoms.  In  the  majority  of  cases  these  symptoms  are  ex- 
plained by  the  localization  of  the  parasite.  Tetanus  alone  is  to  be 
excepted.  The  author  has  placed  this  disease  among  the  infections 
with  nervous  localization.  Of  course,  the  pathogenic  agent  remains 
localized  at  some  point  of  the  economy,  most  frequently  in  the 
cellular  tissue,  at  times  in  some  organ,  and  does  not  reach  the  nerve 
centres  at  all,  thus  behaving  otherwise  than  the  parasite  of  hydro- 
phobia. The  nervous  manifestations  are,  however,  so  predominant 
that  the  clinician  hesitates  to  assign  to  tetanus  some  other  position 
in  nosology.  At  all  events,  the  author's  view  is  in  accordance  with 
his  definition  of  infectious  diseases,  since  their  characteristics  must 
be  sought  in  the  reaction  of  the  organism  to  the  action  of  microbic 
toxin.    The  localization  of  the  latter  should  guide  the  nosologist. 

The  writer  has  advisedly  closely  allied  recurrent  fever  and  palu- 
dism.  These  two  diseases  seem  to  form  a  very  natural  group  in  the 
classification.  Their  agents  localize  themselves  in  the  organs  con- 
nected with  the  blood  system,  notably  in  the  spleen,  and,  at  a  certain 
moment,  invade  the  blood  itself. 

As  to  the  other  infections,  classification  was  easier.  It  was  quite 
natural  to  place  dysentery  and  cholera  among  infections  with  intes- 
tinal determination;  yellow  fever  among  infections  with  hepatic 
determination,  etc. 

The  author's  classification  is,  of  course,  subject  to  modification. 
He  has,  however,  taken  into  account  the  chief  characters  of  infections 
without  neglecting  the  etiological  data.  He  subdivides  all  infections, 
according  to  the  causative  agent,  into  infections  of  bacterial,  mycosic, 
or  animal  origin.  In  a  last  group  are  placed  those  diseases  in  which 
the  causative  agents  are  as  yet  unknown. 
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This  classification  is  naturally  of  a  provisional  character.  Tuber- 
culosis, for  instance,  has  been  placed  in  its  customary  position — viz., 
among  bacterial  infections.  It  should,  however,  be  classed  with 
mycosic  infections  if  its  agent  is  an  oospora.  In  view  of  the  contri- 
butions of  Lesage,  Achalme,  Triboulet,  Coyon,  Laveran,  and  Catrin, 
the  author  has,  with  reserve,  classed  measles,  acute  articular  rheu- 
matism, and  mumps  as  bacterial  infections.  Supported  by  researches 
which  the  writer  is  pursuing  with  Dr.  Weil,  and  by  the  more  recent 
work  of  Funck.  smallpox,  varicella,  and  vaccinia  have  been  placed 
among  the  diseases  due  to  animal  microbes.  Finally,  dysentery  has 
been  divided  into  two  distinct  affections  which  are  akin  sympto- 
matically,  but  different  as  to  their  pathogenic  agents. 

Tumors  and  lymphadenia  are  excluded,  although  their  parasitic 
nature  seems  highly  probable. 

In  this  tentative  classification  of  infectious  diseases  the  actual 
process  alone  is  taken  into  account,  viz.,  that  which  is  connected 
with  the  life  of  the  pathogenic  agent.  When  the  latter  is  destroyed 
the  morbid  evolution  does  not  stop.  Here  is  brought  to  light  an 
interesting  difference  between  parasitic  and  infectious  diseases:  in 
the  former  all  symptoms  vanish  with  the  parasite;  in  the  latter 
certain  disturbances  persist  and  run  an  independent  course  of  evo- 
lution. Organic  affections,  which  are  often  developed  in  a  slow, 
insidious  manner,  are  thus  created,  and  in  some  accidental  way  a 
cardiac  lesion,  for  instance,  connected  with  a  typhoid  fever  suffered 
in  childhood,  and  which  has  taken  fifteen  or  twenty  years  to  develop, 
is  discovered  in  the  adult.  This,  however,  is  of  little  practical  im- 
portance, since  the  organic  lesion  is  wholly  independent  of  the  causa- 
tive affection  of  long  ago.  The  sequelae  of  infections  are,  therefore, 
rightly  described  as  affections  of  the  organs  bearing  no  stamp  of  their 
origin. 

History  of  Infectious  Diseases. 

It  has  always  been  admitted  that  infectious  diseases  may  be  trans- 
mitted by  the  air  and  by  contact  with  the  sick.  Hippocrates  speaks 
solely  of  the  former  mode,  as  do  also  the  writers  and  poets.  As  late 
as  the  sixteenth  century  no  important  document  concerning  the  con- 
tagiousness of  disease  is  furnished  us  by  medical  literature.  The 
ancients  were  not,  however,  ignorant  of  the  transmission  of  disease 
by  contact.  It  was  evidently  for  fear  of  contagion  that  Moses  ordered 
the  isolation  of  persons  afflicted  with  leprosy  or  gonorrhea.    It  was 
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the  same  etiolopcal  notion  that,  at  the  end  of  the  fourteenth  cen- 
tury, caused  in  Italy  the  isolation  of  persons  who  had  come  in  contact 
■with  plague-stricken  individuals. 

Disregarding  the  useless  controversy  which  raged  about  the  ques- 
tion of  the  contagiousness  of  diseases,  let  us  briefly  review  the  ideas 
which  successively  prevailed  as  to  the  nature  of  the  principles  that 
served  for  their  transmission. 

Two  great  theories  have  always  been  advocated.  One,  the  chemi- 
cal, assumes  the  cause  of  diseases  to  be  a  volatile  or  fixed  principle 
emanating  from  the  soil,  bodies  of  animals,  or  men.  The  other,  a 
■\ital  one,  asserts  the  action  of  infinitely  small  living  beings  which 
penetrate  and  develop  within  the  organisms  of  men  or  animals. 

Some  of  the  advocates  of  the  chemical  doctrine  thought  the  mor- 
bific principles  were  volatile.  This  conception  was  so  deeply  rooted 
that  Henry  VIII.  caused  his  Minister  (Wolsey)  to  be  tried  for  having 
spoken  into  his  majesty's  ear;  he  accused  him  of  an  attempt  to 
transmit  syphilis  to  him  through  the  agency  of  his  breath.  Syden- 
Iiani  and  Cullen  believed  that  contagion  was  effected  by  vapors  rising 
from  the  human  body.  However,  the  practice  of  variolization  and 
vaccination  clearly  demonstrated  that  the  viruses  were  not  always 
volatile.  The  profession  was  thus  led,  at  the  beginning  of  the  nine- 
teenth century,  to  admit  two  orders  of  contagion:  one  volatile,  that 
is,  the  air  charged  with  putrid  vapors;  the  other  fixed,  multiplying 
within  the  organism. 

What,  however,  is  the  nature  of  this  fixed  virus?  Fraoastor  had 
already  compared  the  development  of  disease  to  putrefaction,  with- 
out, of  course,  suspecting  the  animat'C  origin  of  the  latter  process. 
He  thought  that  germs  developed  and  served  for  the  propagation 
of  the  malady.  The  same  idea  was  taken  up  by  Henle  (1840),  who 
believed  that  contagious  diseases  were  due  to  organic  particles  eman- 
ating fronj  the  living  organism  and  preserving  their  pathogenic 
power.  Ch.  Robin's  theory  hardly  differed  from  the  preceding  one : 
"Virulent  diseases  are  those  in  which  the  fundamental  organic  sub- 
stance or  substances  of  one  or  of  all  the  humors  have  undergone  a 
specific  modification,  which  modification  is  transmitted  to  organic 
mibfltances  themselves  and  then  to  the  organized  substance  of  any 
other  living  being.  .  .  .  As  to  the  creation  of  the  virulent  state, 
it  is  the  same  phenomenon  as  the  one  that  occurs  for  the  formation 
uf  the  organic  substances  themselves  by  isomeric  catalysis.'"     That 

'  littrf  M  Rabin.     Diet,  de  mSd..  art.  InocuUble  et  Virulent,  Pnri.-",  1878,  14lh  t-d. 
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normal  substances  should  undergo  analogous  alterations  on  coming 
in  contact  with  some  modified  organic  matter  was  not  far  from  con- 
ceivable; but  the  doctrine  fails  to  explain  the  appearance  of  the 
modified  state.  It  does  not  ofifer  an  acceptable  theory  by  comparing 
the  development  of  virulent  diseases  to  the  formation  of  organic 
substances.  This  brought  into  the  domain  of  pathogenesis  the  cur- 
rent ideas  upon  spontaneous  generation.  Even  the  great  discovery 
of  Villemin  did  not  suffice  to  overthrow  the  erroneous  theories,  as 
it  only  established  the  transmissibility  of  tuberculosis  from  sick  to 
healthy  individuals.  Although  of  great  importance  from  the  stand- 
point of  hygiene  and  prophylaxis,  it  did  not  reveal  the  natiu«  of  the 
pathogenic  agent. 

Even  previous  to  this  epoch,  however,  certain  minds  were  im- 
pressed by  the  analogies  existing  between  the  development  of  infec- 
tious diseases  and  that  of  animals  and  plants.  It  was  merely  a  com- 
parison, but  was  destined  to  be  a  highly  fertile  one.  Solid  arguments, 
however,  did  not  appear  until  the  beginning  of  the  nineteenth  cen- 
tury. By  a  sort  of  divination,  some  minds  began  to  perceive  the 
truth.  Hildebrand,  in  his  book  on  contagious  typhus  (1811),  showed 
that  miasms  spread  and  multiplied  like  the  germs  of  living  beings. 
About  the  same  period  J.  Hamean,  a  country  physician,  to  whom 
is  due  one  of  the  first  observations  of  the  transmissibility  of  glanders 
from  the  horse  to  man,  argued  that  virulent  matters  possessed  a  life 
principle,  since  they  acted  like  parasitic  insects.  He  further  stated 
that  there  is  an  antagonism  between  certain  viruses,  such  as  variola 
and  vaccinia,  and  transitory  viruses,  such  as  scarlatina,  and  the 
bodies  which  they  leave,  since  they  attack  them  no  more — i,  e.,  confer 
immunity.  It  must  be  admitted,  therefore,  that  viruses  produce 
within  the  body  excrementitious  substances  which,  so  long  as  they 
are  not  eliminated,  inhibit  their  action.  Hamean  thus  perceived  the 
mechanism  of  acquired  immunity  as  it  is  admitted  at  present.^  Budd 
asserted  (18«50)  that  cholera  was  transmitted  by  germs,  and,  in  1870, 
he  assumed  that  living  organisms  represented  the  specific  cause  of 
contagious  diseases.  Bouillard  accepted  the  same  idea,  and  Trous- 
seau, in  a  famous  lecture,  showed  that  infectious  diseases  were  trans- 
mitted by  living  germs:  '^The  facts  of  contagion, '^  said  he,  *' would 
thus  materially  be  explained,  if  the  presence  of  these  spores  in  the 
atmosphere  could  be  discovered.    To  attain  this  result  one  should 

^  J.  Hamean.     Etudes  sur   les  \'irus  (1836-1847).     Edition  preceded  by  a  preface 
by  Prof.  Grancher,  Paris,  1895. 
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follow  the  path  traced  by  M.  Pasteur  and  proceed  with  the  same 
experimental  ability  and  patience."*  H:  Gueneau  de  Mussy  (1878), 
in  his  preface  to  the  translation  of  Murchison's  book  on  typhoid 
fever,  pleads  in  favor  of  the  parasitic  doctrine  and  points  out  the 
respective  parts  played  by  the  seed  and  the  soil. 

However,  these  pathogenic  conceptions,  which  were  arrived  at  by 
reasoning,  were  to  be  followed  and  confirmed  by  bacteriological 
researches.  The  first  step  was  to  attribute  infections  to  relatively 
highly  organized  parasites.  Varron  and  Columelle  speak  of  diseases 
engendered  by  insects  spread  in  the  air.  In  the  sixteenth  and  seven- 
teenth centuries  analogous  ideas  were  developed  by  various  obser- 
vers. Infusoria  were  described  by  Languis  for  measles;  by  Zacutus 
for  smallpox;  by  Kircher  for  the  plague.  On  the  other  hand,  Lancisi, 
Reaumur,  and  Linn^  supported  with  their  great  authority  the  ani- 
mate nature  of  contagions.  Deidier  admitted  the  agents  of  syphilis 
to  be  worms;  Goiffon  (of  Lyons),  in  1721,  believed  that  invisible 
insects  transported  the  plague.  This  coarse  parasitism  reached  its 
height  with  Raspail. 

The  true  pathogenic  agents  had,  however,  been  seen  as  early  as 
1850.  In  that  year  Rayer  commimicated  to  the  Soci^t^  de  Biologic 
observations  which  he  had  made  with  Davaine  upon  the  blood  of 
sheep  infected  with  anthrax.  By  examining  under  the  microscope 
a  drop  of  blood  derived  from  the  dead  animal,  they  had  seen  "minute 
filiform  bodies  about  twice  as  long  as  the  diameter  of  a  red  blood 
corpuscle.  These  little  bodies  presented  no  spontaneous  move- 
ments." PoUender  and  Brauell  rediscovered  these  same  elements. 
Delafond,  in  1860,  considered  them  as  plants  and  attempted  to  cul- 
tivate them,  and  even  endeavored  to  demonstrate  the  spores.  He 
failed  at  the  latter  point.  The  existence  of  anthrax  spores  was  to 
be  demonstrated  sixteen  years  later  by  Robert  Koch. 

In  spite  of  the  important  discoveries  which  enriched  the  history 
of  anthrax,  no  one  had  understood  the  pathogenic  r61e  of  the  rods, 
to  which  a  prognostic  value  alone  was  attributed.  The  true  concep- 
tion was  gradually  attained  in  an  indirect  manner  by  the  study  of 
fermentations.  Rhazes,  Hoffmann,  Bressy,  and  others  compared 
infections  to  fermentations,  a  comparison  of  great  interest.  Unfor- 
tunately, however,  the  cause  of  fermentations  was  just  as  little 
understood  as  was  that  of  infections. 

»  Trousseau.     De  la  contagion.     Clinique  m6d.  de  I'Hotel  Dieu,  t.  i   p.  593-622. 
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The  fact  is  that  an  erroneous  doctrine,  prevailing  since  the  time 
of  Aristotle,  prevented  advance  along  this  line.  Reference  is  here 
made  to  the  idea  of  spontaneous  generation.  Redi,  in  1668,  was 
the  first  to  rise  against  this  dogma.  Transporting  the  problem 
to  experimental  ground,  he  showed  that  the  larvae  of  flies  were 
not  bom  spontaneously  through  putrefaction  of  meat.  When  the 
insects  were  prevented  from  depositing  their  eggs  no  larvae  could 
develop. 

Soon  after,  in  1678,  van  Leeuwenhoek  discovered  in  infusions 
minute  animals  which  Wrisberg,  in  order  to  indicate  their  origin, 
named  infusoria.  Van  Leeuwenhoek  admitted  that  these  minute 
beings  floated. in  the  atmosphere,  but  his  view  was  not  acceptable 
to  all,  and  his  researches  became  the  subject  of  memorable  contro- 
versies, principally  between  Needham  and  Spallanzani.  The  latter 
proved  by  admirable  experiments  that  infusions  remained  sterile 
when  well  protected  from  the  germs  of  the  atmosphere.*  This  dis- 
covery was  confirmed  and  completed  by  Schulze  and  Schwann  at  the 
beginning  of  the  nineteenth  century.  Finally,  in  1837,  Caghard- 
Latour  demonstrated  the  numerical  and  ponderable  increase  of  yeast 
in  the  course  of  the  fermentative  process  and  established  its  animate 
nature.  Still,  Liebig's  school  persisted  in  attributing  fermentation 
to  the  action  of  some  decaying  substance. 

Such  was  the  state  of  the  question  when  Pasteur's  researches  on 
the  lactic  acid  ferment  (1857),  the  alcoholic  ferment  (1860),  and 
finally,  on  some  anaerobic,  viz.,  butjrric  ferment  (1861),  were  suc- 
cessively published. 

Pasteur's  researches  on  silkworm  diseases  (1865-1870)  may  be 
considered  as  the  fundamental  work  from  which  the  era  of  the  new 
discoveries  and  doctrines  dates.  Unfortunately,  these  researches 
were  ignored  or  uncomprehended  by  the  medical  world.  Davaine, 
however,  had  surmised  that  disease  as  well  as  fermentation  depended 
upon  animate  agents,  and  accumulated  a  considerable  amount  of 
experimental  facts  in  support  of  this  conception.^  In  spite,  however, 
of  the  admirable  investigations  of  Davaine,  and  the  discovery  of 

*  Spallanzani.  Observations  et  exp.  faites  sur  les  animalcules  des  infusions. 
CEuvres  completes  (Trad.  Senebier),  1787,  t.  i.  Observations  et  exp.  sur  Torigine  des 
petites  plantes  des  moisissures.     Ibid.,  t.  ii.  p.  286-309. 

'  Davaine.  Recherches  sur  les  infusoires  du  sang  dans  la  maladie  connue  sous  le 
nom  de  sang  de  rate.  Comptes  rendus,  1863.  Davaine  published  a  great  number  of 
notes  inserted  into  the  C.  R.  of  the  Academy  of  Science,  Academy  of  Medicine,  and 
Society  of  Biology.     They  are  collected  in  I'CEuvrc  de  Davaine,  Paris,  1889,  t.  i. 
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remembered  that  the  same  bacterium  may  sometimes  be  a  sapro- 
phsrte  and  at  times  a  parasite,  and  on  other  occasions  rise  to  the  rank 
of  a  pathogenic  agent.  It  is  true  that  there  are  bacteria  which,  thus 
far,  have  always  seemed  to  be  devoid  of  virulence,  and  their  cultures 
injected  into  animals,  even  in  large  doses,  induce  no  disturbance. 
There  are,  however,  others  which  are  capable  of  passing  from  the 
state  of  a  saprophyte  to  that  of  a  pathogenic  agent;  and,  recipro- 
cally, the  majority  of  infectious  bacteria  may  have  a  saprophytic 
life.  It  is  not,  therefore,  indulging  in  pure  hypothesis  to  admit  that 
microbes  have  accidentally  become  morbific  and  that  it  is  by  accident 
that  they  pass  from  a  saprophytic  to  a  pathogenic  life. 

In  view  of  these  facts,  some  preferred  to  classify  microbes  according 
to  other  characters,  notably  their  biological  properties.  Pasteur,  who 
attached  little  importance  to  morphology,  considered  fermentative 
processes  of  far  greater  consequence.  He  believed  that  by  studying 
the  modifications  which  microbes  produced  in  well-defined  products 
it  was  possible  to  reach  a  sure  classification.  Fermentative  action, 
however,  has  no  fixed  characters.  Several  different  bacteria  may 
give  rise  to  the  same  products.  Moreover,  within  a  well-defined 
species  are  found  varieties  enjoying  similar  fermentative  powers. 
Finally,  by  means  of  successive  cultures  the  action  upon  media 
may  be  modified. 

There  is,  however,  an  action  which  is  considered  by  most  authors 
to  be  of  considerable  diagnostic  importance,  viz.,  the  peptonization 
of  gelatin.  Hence,  the  majority  of  bacteriologists  divide  microbes 
into  those  which  liquefy  gelatin  and  those  which  do  not.  This  char- 
acter is  evidently  of  real  interest,  but  there  is  no  reason  for  attrib- 
uting to  it  an  absolute  value  sufficient  to  separate  species  which, 
in  other  respects,  seem  to  be  closely  allied. 

A  natural  classification  of  bacteria  requires  cognizance  of  the 
greatest  possible  number  of  characters.  Such  an  attempt,  at  the 
present  stage  of  the  science,  is  premature.  It  is  better  to  be  guided 
by  some  objective  character  of  sufficient  constancy  and  appreciable 
without  much  difficulty.  Accordingly,  the  majority  of  authors  have 
taken  morphology  as  a  basis. 

Without  enlarging  upon  all  classifications  that  have  been  proposed, 
the  author  believes  that  bacteria  may  be  grouped  in  the  following 
simple  manner: 
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The  third  and  last  group  is  composed  of  curved  elements.  Some 
have  the  shape  of  a  comma  or  of  an  S.  These  are  the  vibrios. 
Others  present  the  form  of  spirals.  When  the  screw-like  turns  are  few 
in  number  and  less  close,  the  elements  are  called  spirilla;  when  the 
contrary  is  the  case,  they  are  sometimes  designated  as  spirocha>ta?. 

It  is  often  a  matter  of  difficulty  to  clearly  indicate  the  respective 
value  of  characters  attributed  to  various  groups.  For  instance,  it 
is  generally  admitted  that  there  are  numerous  analogies  between  the 
colon  bacillus,  the  pneumobacillus,  and  the  typhoid  bacillus.  One 
might  add  even  the  bacillus  of  pseudotuberculosis  of  rodents.  Should 
these  various  types  be  considered  as  distinct,  though  allied,  species, 
or,  on  the  contrary,  do  they  represent  varieties  that  may  be  trans- 
formed into  each  other?  The  delicate  question  has  long  been  the 
subject  of  controversy.  Moreover,  the  colon  bacillus  and  pneumo- 
bacillus vary  extremely  in  form,  biological  properties,  and  pathogenic 
potency.  We  are,  therefore,  led  to  presume  that  these  species  com- 
prise numerous  varieties  which  have  often  been  described  as  new 
species. 

Over  two  hundred  pathogenic  bacteria  are  actually  known.  They 
may,  in  this  respect,  be  divided  into  two  groups  according  as  they 
produce  a  well-defined  disease  or  give  rise  to  various  pathological 
processes.  Such  a  division  is  in  harmony  with  the  expressions 
''specific''  and  ''non-specific.''  Taking  morphology  into  account 
at  the  same  time,  we  reach  the  following  classification  in  which  the 
principal  species  alone  are  included: 

Non-specific  Hacteria. 

Micrococci. 

r  aureus. 
Pyogenic  staphylococcus  .       <  citreus. 

(albus. 

Streptococcus  .....  vcr>'  numerous  varieties. 

Pneumococcus  (Streptococctis  "pneumonia)  . 

Tetragenus j^J)^^^; 

Bacilli. 


\  citreus. 


Colon  bacillus 


Pneumobacillus 


B.  lactis  aerogenes. 
B.  neapolitanus. 
B.  pyogenes  foctidus. 
B.  entoritidis. 
B.  endocarditis  griseus. 
pyobacillus  Fischeri. 
B.  cavicida. 

septic  bacillus  of  the  bladder, 
pyogenic  bacterium, 
.paracolon  bacillus. 

B.  of  rhinoscleroma. 
Ji.  hominis  capaidatus, 
B.  capsulatus  sepiicus. 
B.  endocarditis  capsuUUua. 
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Actinomyces  {Nocardia  bovis,  streptothrix  actinomyces,  oospora 
bovis),  the  most  important  agent  of  this  group,  is  pathogenic  for 
both  man  and  various  mammalia,  notably  bovidse.  It  may  be  con- 
sidered as  the  type  of  higher  agents  capable  of  producing  infectious 
diseases. 

Phycomyces  are  fungi  which  constitute  a  transition  with  the  algae. 
They  include  oomyces  and  zygomyces.  Among  the  former  is  foimd 
leptomitus,  which  is  pathogenic  for  insects  and  is  also  encountered 
in  man.   In  the  majority  of  instances,  however,  it  is  a  simple  parasite. 

Zygomyces  comprise  the  entomophthorse  and  the  mucedime.  Fiu*- 
bringer  reported  two  cases  in  which  the  pulmonary  foci  were  due  to 
mucor  mucedo.  The  case  reported  by  PaltauP  is  more  interesting : 
The  patient,  a  man,  fifty-two  years  of  age,  succumbed  nine  days 
after  his  admission  into  the  hospital  with  very  serious  general  sjrmp- 
toms:  fever,  icterus,  diarrhoea,  tumefaction  of  the  liver,  and  spleen, 
tjrphoid  state,  and  coma.  At  the  necropsy  there  were  found  intes- 
tinal ulcerations,  foci  of  pneumonia,  cerebral  abscesses,  and  suppu- 
rative laryngitis  and  phar3mgitis.  These  various  lesions  were  due  to 
a  parasite  which  appeared  to  be  the  mucor  corymbifer.  Experimen- 
tation further  demonstrated  that  this  vegetable  was  pathogenic  for 
animals  (Lichtheim). 

The  mycomyces  are  fungi  of  a  low  order  comprising  an  important 
group,  viz.,  the  ascomyces.  In  fact,  it  is  in  this  group  that  yeasts 
are  classed.  Experimentation  demonstrated  the  existence  of  a  great 
number  of  yeasts  that  are  pathogenic  for  animals.  A  few  observa- 
tions tend  to  establish  the  same  to  be  true  with  regard  to  man.  This 
subject  will  be  discussed  in  a  separate  chapter. 

Finally,  there  are  the  perisporiacse  which  comprise  aspergillinse. 
These  frequently  produce  lesions  in  the  respiratory  organs  of  birds 
(A.  C.  Mayer,  Robin,  Bouchard,  Hayem,  etc.).  Aspergillus  fumiga- 
tus  may  cause  various  lesions  in  man,  such  as  cutaneous  suppura- 
tions, a  special  form  of  onychomycosis,  suppurations  of  the  cornea, 
or  lesions  in  the  ear  (otomycosis).  In  the  latter  case  other  parasites 
may  also  be  encountered  such  as  aspergilhis  nigricans,  aspergillus 
flavescens,  aspergillus  nidulans^  eurotium  repens,  etc. 

Such  are  the  principal  mycoses  observed  in  man.  Their  number 
is  not  considerable,  as  may  be  seen  from  the  following  list  represent- 
ing the  main  vegetable  agents  thus  far  discovered : 

*  Paltauf .    Mycosis  mucorina.    Ein  Beitrag  zur  Kenntnisa  (ier  menschlichen  Faden- 
pilzerkraukungcn.     Virchow's  Archiv,  1885,  Bd.  cii.,  p.  643. 
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contagiosxim  and  of  vegetating  follicular  psorospermosis.  These 
results  are  evidently  of  great  importance  in  favor  of  the  coccidian 
theory  of  psorospermosis  and  cancer,  but  the  question  is  far  from 
settled. 

There  has  been  described  under  the  name  coccidium  hominis  a 
parasite  giving  rise  to  intestinal  ulcerations  and  often  to  a  fatal 
cachexia.  The  karyophagus  hominis  of  Podwyssotski  induces  pig- 
mentary atrophy  of  the  hepatic  cells  and  secondarily  gives  rise  to 
proliferation  of  the  interstitial  tissue. 

Sporozoa  also  comprise  the  group  of  gymnosporidia  of  which,  from 
the  standpoint  of  infectious  pathology,  Plasmodium  malarice  is  of 
chief  importance.  As  is  well  known,  this  parasite,  discovered  by 
Laveran  in  1881,  is  the  cause  of  malarial  fever. 

Finally,  should  trichinosis  be  considered  an  infectious  disease? 
The  symptoms  are  evidently  serious  enough  to  deserve  this  denom- 
ination. In  its  first  stage  it  develops  like  a  true  infection,  and,  in 
fact,  it  is  most  frequently  confounded  with  typhoid  fever.  Be  that 
as  it  may,  the  essential  point  established  is  the  fact  that  there  are 
infections  due  to  animal  microbes,  and  if  doubt  as  to  some  instances 
is  still  possible,  there  can  be  none  with  regard  to  malaria — the  disease 
which  all  clinicians  consider  infectious  and  of  which  the  animal  origin 
was  demonstrated  beyond  all  dispute  by  Laveran 's  great  discovery. 


CHAPTER  II. 
GENERAL  CHARACTERS  OF  PATHOGENIC  BACTERIA. 

Polymorphism  of  Bacteria.  Variability  of  Their  Different  Functions.  Study  of  Fer- 
ments, Pigments,  and  Pathogenic  Properties.  Resistance  of  Bacteria  to  Destructive 
Agents.  Action  of  Mechanical,  Physical,  and  Chemical  Agents.  Action  of  High 
Pressures,  Heat,  Cold,  Ligl^t,  Electricity,  Soluble  Substances,  and  Antiseptics. 
DiflBculty  of  Determinism  in  Microbiology. 

Poljrmorphism  of  Bacteria.  From  the  very  beginning  of  bac- 
teriology two  contrary  opinions  appeared  as  to  the  value  of  char- 
acters peculiar  to  each  sp)ecies.  Morphology  was  taken  as  a  basis 
for  classification.  It  was,  therefore,  necessary  to  determine  whether 
the  forms  were  or  were  not  immutable.  Cohn  advocated  monomor- 
phism  of  bacteria,  and  Naegeli  contended  for  polymorphism.  On 
January  22,  1878,  in  a  communication  to  the  Academie  de  Medecine, 
Pasteur  rejected  morphological  classifications,  citing,  as  an  illustra- 
tion, the  example  of  the  septic  vibrio,  which,  he  said,  '*  according  to 
the  media  in  which  it  is  cultivated,  assumes  shapes,  lengths,  and 
sizes  so  diverse  that  the  observer  might  believe  them  to  be  repre- 
sentatives of  different  species."  In  spite  of  the  exaggerations  of 
Zopf,  polymorphism  made  considerable  progress  and  found  such 
advocates  as  Huepp)e,  Koch,  Metchnikoff,  etc. 

In  studying  polymorphism  it  is  necessary  to  distinguish  cultures 
grown  under  eugenesic  conditions  from  those  grown  in  media  or 
under  influences  unfavorable  to  their  development.  In  the  fomer 
instance  morphological  variation  expresses  an  adaptation  to  slight 
or  even  hardly  noticeable  variations  of  environment;  in  the  latter 
ease  it  indicates  a  state  of  suffering  and  represents  a  modification  of 
pathological  order. 

Polymorphism  under  Eugenesic  Oonditions,  This  must  be  studied 
in  the  living  animal  and  in  artificial  cultures. 

Pasteur  indicated  the  variations  of  shape  which  the  septic  vibrio 
undergoes  in  the  animal  body.  At  the  point  of  inoculation  are  found 
thick  and  short  bacilli ;  in  the  peritoneum,  and  particulariy  near  the 
surface  of  the  liver,  long,  slender  filaments  are  encountered.  This 
result  may  readily  be  explained:  The  conditions  of  vegetation  are 
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not  the  same  in  the  more  or  less  dense  cellular  tissue  into  which  the 
injection  is  made  and  in  the  peritoneiun  where  nothing  hinders  the 
development  of  the  microbe. 

By  sowmg  the  same  microbe  on  dififerent  media  dissimilar  forms 
are  often  obtained.  For  instance,  the  bacillus  of  dysenteriform 
enteritis  appears  in  the  infected  organism  in  the  form  of  thick  rods, 
resembling  somewhat  the  bacillus  anthracis,  and  measuring  from  bfi 
to  6/i  in  length  and  from  IJifi  to  1.5;^  in  breadth.  In  bouillon  they 
are  more  slender.  In  agar-agar  they  do  not  exceed  0.5//  by  2fi  when 
the  culture  is  twenty-four  hours  old;  on  the  days  following  they  are 
not  more  than  \(i  or  even  0.5a«  in  length  and  0.5//  in  thickness. 
Upon  vegetables  they  are  still  shorter  and  more  slender,  and  a  few 
have  an  oval  shape. 

What  may  seem  more  curious  is  the  fact  that  microbes  may  present 
different  shapes  in  the  same  medimn.  In  such  cases  the  change  is 
generally  due  to  old  age,  the  morphological  variations  corresponding 
to  the  various  stages  of  their  evolution.  In  other  instances  a  modi- 
fication of  the  medium  is  to  be  attributed  to  the  life  of  the  micro- 
organisms. The  bacteria  absorb  nutritive  substances  and  produce 
ferments  or  excrete  toxins  which  modify  the  constitution  of  the 
medium.  The  medium  being  thus  modified,  an  adaptation  on  the 
part  of  the  microbes  is  necessitated,  resulting  in  morphological 
changes.  So-called  involution  forms,  which  consist  in  swellings  com- 
parable to  pears,  clubs,  bottles,  etc.,  are  observed,  especially  in  old 
cultures  in  which  the  nutrient  medium  is  exhausted  or  adulterated. 

Polymorphism  of  the  Buccal  Tetracoccus.  In  studying  the  throats  of 
patients  suffering  from  simple  or  scarlatinal  angina  I  have  often 
found  a  microbe  whose  polymorphism  may  lead  to  confusion.  This 
microbe,  analogous  to,  if  not  identical  with,  tetragenus,  is  of  very 
frequent  occurrence  in  the  mouths  of  scarlatinal  patients.  I  have 
discovered  it  in  85  per  cent,  of  such  cases.  The  proportion  is  69  per 
cent,  in  other  sore  throats,  and  52  per  cent,  in  diphtheria.  This 
same  microbe  very  often  inhabits  the  throats  of  normal  individuals 
and  the  buccal  cavity  of  various  animals,  such  as  dogs,  rabbits, 
guinea-pigs,  and  mice.  At  times  it  can  be  recognized  by  direct  exam- 
ination, that  is,  when  it  presents  the  form  of  tjT)ical  tetrads  sur- 
rounded with  capsules.  Its  morphological  variations,  however,  are 
considerable,  and  it  not  infrequently  occurs  in  the  form  of  diplococci 
or  is  arranged  in  small  heaps  of  round  elements  in  nowise  charac- 
teristic.   The  polymorphism  of  the  tetracoccus  is  also  marked  in 
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cultures.  This  morphological  variability  might,  at  first,  lead  to  the 
belief  that  it  is  merely  a  question  of  accidental  contamination. 
The  writer  has  convinced  himself  that  such  is  not  the  case,  since 
by  certain  procedures  it  is  possible  to  cause  the  microbe  in  question 
to  pass  from  the  zoogleic  to  the  tetracoccic  form,  and  vice  versa. 

The  microbe  of  the  author  dififers  from  the  classical  tetragenus  not 
only  by  its  polymorphism  but  also  by  its  action  upon  animals. 
Unlike  tetragenus,  it  is  not  pathogenic  for  rabbits,  and  very  sUghtly 
so  for  mice.  In  sufficiently  high  doses,  it  produces  very  strange, 
nervous  disturbances  in  rabbits. 

It  is,  therefore,  difficult  to  determine  whether  this  microbe  is  iden- 
tical with  the  classical  tetragenus  or  not.  In  order  not  to  prema- 
turely announce  its  nature,  the  author  proposes  to  provisionally 
designate  it  under  the  name  of  buccal  tetracoccus  {tetracoccus 
huccalw).  At  all  events,  the  name  tetracoccus  is  more  in  harmony 
with  that  of  tetragenus  in  bacteriological  terminology. 

If,  in  spite  of  its  great  frequency  in  cases  of  sore  throats,  this 
microbe  has  not  yet  been  brought  to  notice,  it  is  owing  to  the  fact 
that  it  develops  poorly  upon  serum  and  that  its  polymorphism  has 
caused  it  to  be  confounded  with  other  microbes,  notably  with  the 
streptococcus.  This  confusion  can  be  avoided  by  taking  into  account 
the  characters  above  indicated.  In  doubtful  cases  it  is  well  to  trans- 
fer a  colony  to  gelatin.  This  medimn,  which  is  rapidly  Uquefied  by 
the  streptococcus,  remains  soUd  under  the  action  of  the  tetracoccus. 

Other  examples  might  be  quoted,  but  those  above  referred  to 
suffice  to  show  how  numerous  are  the  morphological  variations  pre- 
sented by  bacteria  in  the  course  of  their  development  in  the  same 
medium.  Analogous  differences  are  also  observed  according  as  soUd 
or  liquid  culture  media  are  employed.  In  liquid  media  the  microbes 
generally  grow  in  length  and  group  themselves  in  a  different  manner. 
This  is  not  surprising.  The  study  of  plants  of  low  organization, 
notably  algse,  furnishes  similar  examples.  Not  to  leave  the  field  of 
pathogenic  agents,  it  will  suffice  to  recall  oidium  albicans.  According 
as  this  plant  is  grown  in  agar-agar  or  in  bouillon,  oval  or  the  fila- 
mentous forms  predominate. 

Polymorphism  under  Dysgenesic  Oonditions.  The  variations  mani- 
fested by  bacteria  are  still  more  curious  when  the  latter  are  placed 
under  conditions  unfavorable  to  their  development.  In  this  connec- 
tion it  will  be  interesting  to  examine  the  influence  of  mechanical 
agents,  and  to  determine,  for  instance,  whether  morphology  is  the 
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same  when  the  culture  is  undisturbed  or  is  agitated.  As  to  physical 
agents,  the  r61e  of  heat  alone  has  thus  far  been  studied.  It  is  known 
that  the  finest  involution  forms  are  obtained  by  placing  the  cultures 
in  overheated  media.  The  rfile  of  chemical  agents  has  received  more 
attention.  Drs.  Guignard  and  Charrin  fully  demonstrated  the  pro- 
found modifications  presented  by  the  bacillus  pyocyaneus  when  cul- 
tivated in  media  to  which  antiseptic  substances  have  been  added. 
The  bacillus  then  lengthens  and  assumes  a  filamentous  form,  or  it 
rolls  up  into  the  shape  of  spirilla,  or  its  size  is  reduced  to  such  an 
extent  as  to  resemble  micrococci.  These  curious  results  were  con- 
firmed by  Wasserzug^s  researches. 

Under  the  same  conditions  many  other  microbes  present  morpho- 
logical variations.  In  this  resp)ect  the  most  remarkable  microbe  is 
the  B.  prodigiosus.  When  grown  upon  gelatin  containing  2.5  to  3 
per  cent,  of  boric  acid,  it  produces  a  magnificent  spirilla  having  ten, 
twelve,  and  even  sixteen  or  twenty  turns;  each  turn  of  the  spiral 
has  a  length  of  about  1.5;^;  then  on  the  fourth  day  involution 
forms  appear  which  occupy  the  central  part  or  the  end  of  the 
spiral. 

With  the  atypical  variety  I  obtained  in  the  same  medium  filaments 
varying  in  length  from  l5fJt  to  120/4  and  even  180/4.  Toward  the 
tenth  day  these  filaments  became  segmented  and  gave  rise  to  motile 
bacilli;  at  the  same  time  involution  forms  appeared. 

If  a  portion  of  these  peculiar  cultures  is  transferred  to  the  usual 
media,  colonies  are  obtained  in  which  the  microbes  resume  their 
normal  form.  The  modifications  imposed  by  antiseptics  are,  there- 
fore, transitory.  Wasserzug  believed,  however,  that  he  had  obtained 
an  actual  transformation  and  fixation  of  new  characters.  In  reality, 
it  is  not  possible  to  create  by  these  procedures  anything  more  than 
varieties  comparable  to  the  varieties  observed  in  higher  beings.  In 
other  words,  we  cannot  transform  the  species. 

As  to  the  capsules  which  surround  certain  microbes,  it  must  be 
stated  that  they  are  scarcely  of  any  morphological  and  diagnostic 
importance,  since  they  are  quite  inconstant. 

Variability  of  the  Functions  of  Bacteria.  The  experimenter 
may  produce  functional  variations  in  microbes.  He  can  modify 
their  mode  of  reproduction,  and  by  means  of  chemical  agents  he  can 
create  asporogcnic  varieties.  Such,  for  instance,  is  the  case  with 
the  bacillus  anthracis. 

Pasteur  believed   it  was  possible   to  characterize  and  classify 
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microbes  by  a  study  of  their  action  upon  fermentable  substaoees. 
However,  in  this  resiiect.  also,  the  results  are  not  constant.  For 
instance,  let  us  examine  the  action  of  the  colon  bacillus  upon  milk. 
The  tj-pical  examples  of  this  microbe  coagulate  milk  because  Ihey 
attack  the  lactose,  producing  fermentation,  ami  thus  rendering  the 
medium  acid.  There  are,  however,  other  varieties  of  colon  bacilli,  the 
paracolon  bacillus  of  Gilbert,  which  do  not  coagulate  milk.  The 
author  hag  observed  a  colon  bacillus  derived  from  a  gangrenous 
pleurisy  which  did  not  at  first  act  upon  milk.  On  cultivating  it  in 
inert  media,  it  was  noticed  that  the  medium  was  slowly  rendered 
acid.  It  took  a  week  to  produce  a  little  deposit  of  casein;  two 
montlis  later  the  same  microbe  completely  coagulated  milk  in 
twenty-four  hours.  Here,  therefore,  is  a  variety  that  passed  from 
the  group  of  paracolon  bacilli  to  that  of  the  typical  colon  bacillus. 

Similar  results  are  obtained  with  yeasts.  The  transformation  of 
sugar  varies  according  to  the  aeration  of  the  medium.  The  yeast 
plant,  when  living  in  the  air,  consumes  free  oxygen,  multipliea  rapidly 
and  oxidizes  the  sugar  almost  without  forming  any  alcohol.  In  its 
anaerobic  life  it  is  compelled  to  abstract  oxygen  from  the  sugar, 
wliich  it  then  transforms  into  alcohol  and  carbonic  acid. 

BkcMri&i  rermentB.  The  action  of  microbes  upon  sugar  and  albu- 
minoid siibstances  is  also  variable  and  differs  according  to  the  species 
employed,  the  age  of  the  cultures,  the  nature  of  the  medium,  etc. 
Fignal  called  attention  to  the  important  role  of  pabulum  furnished 
to  bacteria.  By  ailding  certain  substances  to  the  culture  medium  the 
microbe  can  be  made  to  secrete  ferments  which  affect  the  substances 
btroduced.  There  is  only  one  secretion  which  seems  never  to  un- 
dergo any  variation,  namely,  that  femient  which  peptonizes  gelatin. 
It  is  known  that  many  authors  consider  the  liquefaction  of  this  sub- 
stance as  of  importance  in  bacterial  diagnosis.  It  is,  in  fact,  one  of 
the  most  stable  properties  and,  consei]uently,  one  of  those  which  are 
of  considerable  importance  in  classification. 

Tariability  of  Bacterial  Pif^ents.  Aside  from  the  ferments, 
bacteria  secrete  various  products,  some  of  which  may  serve  for  iden- 
tification of  the  species.  Pigments  are  the  most  important  of  such 
products.  A  great  number  of  microbes  color  the  culture  media  yel- 
low, red,  green,  and  more  rarely  blue  or  violet.  This  chromogenic 
function  is  extremely  variable.  Certain  microbes  produce  pigments 
in  certain  media.  Thus  the  bacillus  of  glanders  and  the  colon  bacillus 
yield  patches  of  a  deep  brown  color  when  grown  upon  potatoes,  Thi 
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colon  bacillus,  unlike  the  typical  bacillus,  produces  a  superb  green 
color  on  slices  of  artichoke. 

Under  various  circumstances  certain  chromogenic  microbes  may 
cease  to  produce  pigment.  For  instance,  B.  prodigiosus  when  grown 
in  agar-agar  secretes  a  beautiful  red  pigment.  If  transferred  to 
bouillon  it  does  not  color  the  medium;  or  to  speak  more  accurately, 
certain  cultures  do  not  color  bouillon,  while  others  do  color  it  red 
or  rose. 

By  modifying  the  physical  conditions  of  development,  the  produc- 
tion of  pigments  may  easily  be  modified.  Schottelius  has  shown  that 
B.  -prodigiosus  produces  very  Uttle,  if  any,  pigment,  even  in  agar- 
agar,  if  the  culture  is  kept  in  an  incubator  at  a  temperature  of 
100.4  F.  (38°  C.)  or  102.02°  F.  (39°  C).  Under  these  conditions  the 
majority  of  colonies  are  white.  If,  however,  this  colorless  culture  be 
grown  at  a  lower  temperature,  it  becomes  rose-colored,  then  red. 

Analogous  results  are  obtained  by  preventing  the  access  of  air. 
The  author  has  shown  that  a  culture  of  B,  prodigiosus  grown  under 
oil  remains  colorless.  When  it  is  subsequently  brought  in  free  con- 
tact with  air,  color  appears. 

The  most  interesting  modifications  are  those  caused  by  addition 
of  soluble  or  insoluble  antiseptics  to  the  culture  bouillon.*  Several 
of  these  substances  first  act  upon  the  function  of  the  microbe.  In 
small  amounts  they  hinder  or  arrest  the  development  of  coloring 
substance;  in  larger  amounts,  they  hinder  or  arrest  development; 
finally,  their  action  may  still  be  more  marked  and  may  kill  the 
microbe. 

In  pursuing  the  researches  on  chromogenic  bacteria  I  was  able  to 
prevent  the  production  of  pigment  in  B.  prodigiosus  by  adding  boric 
acid  to  the  culture:  2.5  to  5  per  1000  suffices.  Staphylococcus 
aureus  produces  white  colonies  when  cultivated  in  gelose  containing 
3  per  1000  iodoform,  or  0.6  per  1000  of  carbolic  acid.  These  amounts 
are  close  to  sterilizing  quantities,  which  are  3.5  per  1000  for  the 
former  substance,  and  0.8  per  1000  for  the  latter.  Finally,  I  have 
noted  that  extremely  small  amounts  of  antiseptics  stimulate  rather 
than  hinder  the  chromogenic  function.  In  the  presence  of  a  trace 
of  corrosive  sublimate  B.  prodigiosus  produces  a  very  intense  red 
pigment. 

These  experiments  are  susceptible  of  infinite  variations.    The  few 

*  Cliarrin  et  Roger.  Des  modifications  (jn'on  peut  provoquer  dans  les  fonctions 
d'lin  nucrobe  chromogone.     Soc.  de  biologiip,  Oct.  29,  1887. 
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illustrations  above  referred  to  suffice  to  show  the  influence  of  the 
surrounding  medium  upon  the  chromogenic  function  of  microbes. 

Variability  of  Pathogenic  Properties.  Smce  the  researches  of 
Pasteur,  it  is  known  that  microbic  virulence  may  very  notably  be 
modified.  If  a  pathogenic  microbe  is  for  some  time  cultivated  in 
artificial  media  its  virulence  gradually  diminishes  and  it  sometimes 
falls  to  the  rank  of  a  saprophyte.  Reciprocally,  by  passing  it  suc- 
cessively through  living  animals,  it  is  possible  to  accustom  the 
microbe  to  a  parasitic  life;  in  other  words,  it  becomes  exalted,  and 
in  many  cases  quite  considerably.  Pasteur's  researches  further 
established  that  a  microbe  that  has  been  exalted  for  one  animal 
species  may  be  found  weakened  for  another.  It  is  also  possible  to 
modify  virulence  by  making  the  cultures  under  special  conditions, 
notably  by  subjecting  them  to  high  degrees  of  temperature,  com- 
pressed oxygen,  and  chemical  substances.  These  various  processes 
enable  us  to  create  species  of  definite  virulent  power,  or,  as  is  said, 
fixed  viruses.  The  bacillus  anthracis,  for  instance,  may  be  culti- 
vated in  such  a  manner  as  to  be  rendered  incapable  of  killing  the 
rabbit  or  of  exerting  any  action  upon  even  the  adult  guinea-pig ;  it 
can  kill  only  the  young  guinea-pigs.  By  progressively  graduated 
passages  through  a  living  organism  it  may  recover  its  virulence. 

It  is,  therefore,  possible  profoundly  to  modify  the  properties  of 
bacteria,  viz.,  to  suppress  their  sporogenic,  chromogenic,  and  virulent 
powers.  Thus  new  varieties  differing  considerably  from  the  original 
stock  and  not  always  surely  convertible  into  it  may  be  created.  The 
fimctions  thus  abolished,  however,  are  fonctions  de  luxe,  since,  not- 
withstanding these  modifications,  vegetation  and  reproduction  may 
easily  be  accomplished.  It  is  none  the  less  interesting  to  note  how 
contingent  are  the  properties  of  microbes,  and  how  difficult  the  deter- 
mination of  the  species.  The  uncertainty  of  bacteriological  diagnosis 
is  so  great  that  the  same  microbe  has  not  infrequently  been  described 
under  the  most  varied  names.  This  variability  in  the  characters  of 
microbes  is  also  referable  to  the  fact  that  cultures  are  not  and  can 
never  be  uniform.  For  instance,  if  a  colony  of  bacillus  prodigiosus 
is  diluted  with  a  large  amount  of  Uquid  and  sown  on  plates,  some 
of  the  colonies  which  develop  will  be  red,  others  rose-colored,  and 
still  others  white.  If  a  colony  apparently  uniform — red  or  white — 
is  diluted  and  sown,  it  will  again  produce  dissimilar  colonies.  This 
simple  experiment  clearly  demonstrates  that  all  the  microbes  develop- 
ing from  the  same  stock  are  not  equally  capable  of  secreting  pigment. 
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The  results  are  identical,  though  less  readily  conceivable,  with 
regard  to  the  pathogenic  function.  All  the  individuals  of  the  same 
culture  do  not  possess  the  same  power.  It  must,  however,  be  recog- 
nized that  by  taking  certain  precautions  we  can  diminish  the  differ- 
ences, though  we  are  unable  to  make  them  altogether  disappear. 
Hence  the  necessity  of  carefully  taking  into  consideration  the  sources 
of  error  connected  with  these  experiments. 

This  variability  of  the  elements  contained  in  a  culture  fluid  explains 
why  when  this  fluid  is  submitted  to  the  action  of  some  destructive 
cause  the  number  of  microbes  is  first  diminished,  but  the  medium 
is  not  completely  sterilized.  Take,  for  instance,  some  pure  bouillon 
culture  and  count  the  microbes  by  means  of  plates,  and  then  submit 
the  culture  to  the  action  of  some  destructive  agent.  As  all  the 
elements  are  subjected  to  the  same  harmful  influence,  simultaneous 
decline  of  vegetation,  weakening  of  functions,  and  final  destruction 
are  expected.  Such,  however,  is  not  the  case.  It  will  be  seen  that 
the  number  of  colonies  obtained  on  the  plates  diminishes  successively, 
which  proves  that  certain  microbes,  of  weaker  resistance,  were  the 
first  to  disappear;  but  others  remain  which,  unless  the  conditions 
are  too  unfavorable,  will  overcome  the  dysgenesic  conditions  and 
become  more  or  less  perfectly  accustomed  to  them.  There  occurs, 
therefore,  a  sort  of  natural  selection. 

Influence  of  Various  External  Agents  upon  Bacteria. 

Influence  of  Mechanical  Agents.  The  causes  which  arrest  the 
development  of  and  destroy  microbes  are  mechanical,  physical,  or 
chemical. 

The  mechanical  causes  are  represented  by  the  movement  of  culture 
fluids.  If  the  fluid  is  agitated  the  microbes  do  not  develop  or  develop 
badly,  but  the  fluid  is  not  rendered  sterile.  By  means  of  a  simple 
apparatus  invented  by  Dr.  Gozard,  I  learned  that  repeated  shocks 
in  nowise  affect  the  life  of  microbes.  The  microbes  experimented 
upon — staphylococcus  aureus,  colon  bacillus,  streptococcus  of  ery- 
sipelas, sporulating  or  non-sporulating  bacillus  anthracis — were  in  no 
way  affected  by  the  mechanical  action. 

Action  of  High  Pressures.  The  influence  of  pressure  has  been 
studied  by  various  experimenters.  The  somewhat  dissimilar  results 
are  referable  to  the  diversity  of  the  methods  employed.  The  experi- 
ments of  Regnard,  Dubois,  Certes,  and  Cochin  demonstrated  that 
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low  beings  resist  very  high  pressure.  The  beer  yeast  is  capable  of 
beaiing  300  to  400  atmospheres  for  several  days  without  being  de- 
stroyed. U'hen  submitted  to  1000  atmospheres  for  one  hour  it 
becomes  torpid  and,  an  hour  later,  it  is  again  capable  of  producing 
fermentation  of  sugar.  The  same  is  true  of  algse  and  infusoria  which 
have  been  subjected  to  a  pressure  of  600  atmospheres.  The  algs 
germinate  only  after  a  week;  the  protozoa  remain  for  some  time 
motionless  and  then  resume  their  movements.  Regnard  further 
learned  that  relatively  higher  organisms  such  as  mollusks,  crustaceans 
and  leeches  can  endure  500  or  600  atmospheres  without  perishing. 

As  to  bacteria,  the  effects  of  pressure  vary  considerably,  according 
to  experimental  conditions.  In  fact,  it  seems  demonstrated  that 
compressed  gases  exert  a  very  noxioi's  influence  upon  several  mi- 
erobic  species.  According  to  P.  Bert,  oxygen,  under  a  pressure  of 
Irran  8  to  10  atmospheres,  arrests  putrefaction.  The  atmospheric 
wr,  under  the  same  conditions,  produces  an  analogous  but  less  intense 
effect.  In  studying  the  bacillus  anthracia,  Prof,  Chauveau  showed 
that  oxygen  at  12  atmospheres  weakens  the  vitality  of  this  microbe 
anil  at  the  same  time  diminishes  its  virulence  to  such  an  extent  as 
to  transform  it  into  a  vaccine.  Carbonic  acid  under  pressure  is 
equally  harmful  to  bacteria.  C.  Fraenkel  recognized  that  seltzer 
water  contains  no  microbes.  All  species  do  not,  of  course,  possess 
the  same  power  of  resistance.  Hence  the  apparently  contradictory 
itsuits  obtained  by  Sabrazes  and  Bazin. 

The  effect  of  800  or  1000  atmospheres  upon  the  four  microbes 
(experimented  upon  in  the  author's  first  researches')  proN-ing  nega- 
tive, the  author  thought  it  important  to  study  the  action  of  still 
greater  pressures.  He  experimented  with  an  apparatus  by  means  of 
which  the  pressure  could  be  raised  to  2903  atmospheres,  the  cultures, 
as  usual,  being  enclosed  in  rubber  tubes.  Since,  however,  the  high 
pressure  caused  the  water  to  filter  through  the  walls  of  the  apparatus, 
the  author  filled  the  cylinder,  in  which  the  tulies  were  placed,  with 
ml.  A  special  contrivance,  set  in  motion  by  means  of  a  motor  engine, 
ruaes  the  pre.Gsure  grailually,  so  that  it  takes  ten  minutes  to  attain 
2903  atmospheres.  This  pressure,  the  highest  that  can  actually  be 
obtained,  is  kept  up  for  two  minutes:  it  is  not  possible  to  further 
prolong  the  experiment  without  danger  to  the  apparatus.  The 
(OTssure  is  then  allowed  to  fall  to  the  normal;  this  descent  is  rapid, 
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as  it  lasts  but  ten  seconds.  The  latter  fact  is  of  considerable  impor- 
tance, for  perhaps  some  of  the  effects  obtained  may  be  due  to  de- 
compression. 

Under  these  conditions  the  colon  bacillus  and  staphylococcus 
aureus  have  hitherto  suffered  no  modification;  their  cultures  were 
as  luxuriant  after  as  before  the  experiment.  Their  functions  were 
not  even  disturbed,  since  the  staphylococcus  preserved  its  chromo- 
genic  power. 

The  streptococcus  was  sown  in  agar-agar  before  and  after  com- 
pression. The  tubes  were  placed  in  the  incubator  at  6  p.m.  and 
examined  at  9  a.m.  the  following  day.  Those  which  had  received 
the  normal  cultures  were  covered  with  colonies;  the  others  showed 
no  growth.  In  the  evening,  however,  they  presented  colonies  one- 
third  less  numerous  than  the  control  tubes.  Apart  from  these 
numerical  differences,  which  remained  the  same  the  following  days> 
there  was  no  appreciable  liiodification  either  in  the  appearance  of 
the  colonies  or  in  the  form  of  the  microbes. 

In  conjunction  with  the  culture  experiments  inoculations  were 
practised  upon  rabbits.  Ten  drops  of  the  culture  were  introduced 
imder  the  skin  of  the  ear.  Two  days  after  the  rabbits  which  had 
received  the  streptococcus  subjected  to  compression  were  attacked 
by  erysipelas  of  the  ear.  The  affection  grew  worse  on  the  following 
days,  then  began  to  subside,  and  disappeared  on  the  tenth  or 
eleventh  day.  The  controls  presented  no  local  lesion;  they  suc- 
ciunbed  to  a  general  infection  five  or  six  days  after  the  inoculation. 

A  pressure  of  2903  atmospheres  (about  3000  kilogrammes  per 
square  centimetre)  is,  therefore,  capable  of  killing  a  few  streptococci 
It  induces  in  those  which  survive  a  sort  of  torpidity  as  expressed  by 
a  notable  delay  in  development,  and,  what  is  of  greater  consequence, 
it  diminishes  their  virulence  to  such  an  extent  as  to  leave  them  the 
power  to  produce  only  a  local  and  rapidly  curable  lesion. 

The  effects  of  pressure  upon  the  bacillus  anthracis  are  analogous 
to  the  above. 

It  may,  however,  be  questioned  whether  the  effects  observed  with 
the  streptococcus  and  the  bacillus  anthracis  are  due  to  the  increase 
of  pressure.  The  rise  of  temperature  caused  by  compression  of  the 
fluids  may,  perhaps,  account  for  all  these  phenomena.  Commandant 
Meillet,  who  has  studied  this  problem,  calculated  that  under  a  press- 
ure of  2903  atmospheres  (3000  kilogrammes)  the  rise  of  temperature 
was  only  9.54°  F.  (5.3°  C).    This  is  rather  too  high  a  figure,  as  it 


GENERAL  CHARACTERS  OF  PATHOGENIC  BACTERIA,       53 

assumes  that  all  the  force  is  transformed  mto  heat.    The  thermal 
effect  camioty  therefore,  explam  the  action  of  pressure. 

In  order,  however,  to  influence  the  life  or  functions  of  microbes 
enormous  pressures  far  in  excess  of  actual  cosmic  variations  must 
be  employed,  since  the  pressure  at  the  bottom  of  the  sea  is  far  less 
(500  or  600  kilogrammes).  Consequently,  it  may  be  stated  that 
changes  of  atmospheric  pressure  occurring  on  our  globe  play  no  r61e 
in  the  modification  of  the  virulence  of  the  microbes  surrounding  us. 

Action  of  Physical  Agents  on  Bacteria.  As  is  well  known, 
physical  agents,  especially  heat  and  light,  exert  a  harmful  influence 
upon  bacteria. 

Action  of  Heat.  Heat  is  daily  employed  for  purposes  of  sterilizar- 
tion.  All  bacteria,  however,  are  not  destroyed  at  the  same  tempera- 
ture. There  are  some  that  can  live,  develop,  and  multiply  between 
158°  and  165°  F.  (70°  and  74°  C).  Globig  found  in  the  soil  thirty 
species  living  between  122°  and  158°  F.  (50°  and  70°  C).  Miquel, 
Olivier,  Rabinowitsch,  and  Macfayden  studied  the  thermophilic 
microbes  found  in  hot  spring  waters  and  notably  in  sulphiu'ous 
waters. 

For  the  same  bacterial  species,  sensitiveness  to  heat  varies  accord- 
ing to  several  conditions.  The  spores  are  more  resistant  than  the 
adult  forms.  Heat  is  more  destructive  to  the  microbes  when  the 
latter  are  contained  in  a  fluid  medium  than  when  in  a  desiccated 
state.  Finally,  the  action  of  heat  is  considerably  increased  by 
the  presence  of  air  which  produces  oxidation  unfavorable  to  bac- 
teria. 

Inmiersed  in  water  at  140°  F.  (60°  C.)  the  tubercle  bacillus  lives 
for  twenty  minutes;  and  in  water  at  158°  F.  (70°  C),  for  ten  minutes. 
Boiling  water  at  212°  F.  (100°  C.)  kills  it  in  five  minutes.  The 
same  bacillus  is  capable  of  resisting  a  dry  heat  of  212°  F.  for  several 
hours. 

The  influence  of  air  is  shown  by  Dr.  Roux^s  experiments.  When 
subjected  to  the  combined  action  of  air  and  a  temperatiu'e  of  158°  F. 
(70°  C.)  the  spores  of  hadllus  anthracis  die  in  sixty  hours;  when 
protected  from  air  they  live  one  hundred  and  sixty-five  hours. 

Resistance  to  cold  is  far  more  considerable.  Ice  contains  numerous 
microbes.  Dr.  Pictet  subjected  bacteria  to  temperatures  of  — 166°  F. 
(—110°  C.)  and  even  —328°  F.  (—200°  C.)  without  being  able  to 
kill  them.  Prof.  D'Arsonval  immersed  some  in  liquefied  air  with- 
out causing  them  to  lose  their  power  to  vegetate. 
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Action  of  Light.  The  influence  of  sunlight  is  at  least  as  important 
as  that  of  heat.  It  may  easily  be  proved  by  the  following  experi- 
ment :  A  few  drops  of  an  anthrax  culture  are  spread  upon  a  gelatin 
plate,  which  is  then  covered  with  a  glass  upon  which  pieces  of  black 
paper  are  pasted.  When  exposed  to  light,  development  takes  place 
in  the  protected  parts,  and  the  bacteria  exactly  reproduce  the  designs 
figured  by  the  pieces  of  black  paper. 

This  influence  of  sunlight  is  constantly  at  work  in  nature.  Bacteria 
are  speedily  destroyed  at  the  surface  of  the  soil,  while  at  twenty 
inches  below  the  surface  they  find  excellent  conditions  of  resistance, 
and  may  retain  their  vitality  for  more  than  five  months. 

The  results  are  similar  for  bacteria  immersed  in  water. 

Pansini  introduced  a  few  drops  of  an  asporogenic  anthrax  culture 
into  water  which  he  then  subjected  to  the  action  of  the  sun.  The 
number  of  bacteria  was  primarily  2520  per  cubic  centimetre.  At 
the  end  of  twenty  minutes  the  number  was  reduced  to  130,  and  at 
the  end  of  half  an  hour  to  44  per  cubic  centimetre.  After  forty-five 
minutes  there  were  none  to  be  found. 

Procaccini  took  sewer  water  containing  300,000  to  420,000  bac- 
teria per  cubic  centimetre  and  subjected  it  to  solar  influence.  At 
the  end  of  the  day  the  water  was  sterile. 

The  following  is  another  experiment  made  under  perfect  condi- 
tions: The  water  of  the  Isar,  before  its  entrance  into  the  city  of 
Munich,  was  examined  by  Buchner  at  different  hours  of  the  day. 
The  highest  figure  was  found  at  4  a.m.,  as  bacteria  had  increased 
during  the  night,  and  their  number  then  reached  520  per  cubic  cen- 
timetre. The  minimum  was  observed  at  8  p.m.  Exposed  to  the  sun 
all  day,  the  water  contained  no  more  than  five  bacteria  per  cubic 
centimetre. 

The  experiments  of  Marshall  Ward  tend  to  prove  that  light  acts 
directly  upon  the  anthrax  spores,  and  that  its  action  is  inhibited 
when  the  plant  is  protected  by  means  of  a  screen  intercepting  the 
blue  and  violet  rays.  Thus,  as  Downes,  Blunt,  Arloing,  .Buchner, 
and  Frankland  had  already  seen,  it  is  the  most  refrangible  rays  which 
possess  germicidal  power.  The  orange  and  red  rays  do  not  disturb 
the  development  of  bacteria. 

As  in  the  case  of  heat,  the  action  of  light  is  favored  by  the  presence 
of  air.  Dr.  Momont  demonstrated  that  anthrax  spores  perish  after 
forty-eight  hours  of  insolation  when  they  are  in  contact  with  air. 
In  vacuo  they  live  for  one  hundred  and  ten  hours. 
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Light  modi^es  the  functions  of  bacteria  at  the  same  time  that  it 
affects  their  vitality.  Anthrax  is  attenuated  under  its  influence.  The 
red  bacillus  of  Kiel  ceases  to  produce  pigment,  at  times  permanently, 
so  that  if  it  is  sown  in  the  shade,  it  does  not  recover  its  chromogenic 
function. 

The  study  of  the  other  physical  agents  in  this  connection  is  a 
tnatt«r  of  considerable  (Ufficulty.  Hence,  in  the  old  experiments 
upon  the  effects  of  electricity  the  currents  employed  produced  heat 
and  electrol^s.  The  germicidal  action  was  due,  therefore,  to  ther- 
mal or  chemical  modifications.  Those  experimenters  who  have  taken 
cognizance  of  theiH"  sources  of  error  have  not  been  able  to  detect  any 
direct  action  of  electricity  upon  bacteria. 

Action  of  Chemical  Agents.  Those  chemical  agents  which  are 
capable  of  unfavorably  affecting  bacteria  are  called  antiseptic  agents. 
Among  gases  there  is,  for  instance,  ozone,  of  which,  as  is  known, 
great  quantities  are  often  found  in  the  atmosphere.  Its  action  is 
very  energetic,  at  least  upon  the  adult  forms.  The  aaporogenic 
anthrax  bacillus  is  killed  under  its  influence  in  five  hours,  but  the 
spores  perish  only  after  three  or  four  days. 

The  antiseptics  properly  so  called  possess  the  very  curious  property 
of  stimulat'mg  the  functions  of  bacteria  when  employed  in  minute 
quantities.  Under  I  heir  influence  the  chromogenic  microbes  produce 
a  greater  amount  of  pigment.  When  the  amount  of  the  antiseptic 
is  raised  the  chromogenic  power  declines  and  even  disappears. 
Vegetation  then  becomes  slow,  is  arrested,  and  finally  the  microbe 
perishes. 

Carbolic  acid  is  one  of  those  most  frequently  employed.  In  solu- 
tions of  !  per  cent,  it  kills  the  asporogenic  anthrax  bacillus  in  ten 
seconds.  If  the  microbe  is  spore-bearing,  life  persists  for  thirty-seven 
days  in  a  solution  five  times  stronger. 

In  order  to  promote  the  action  of  antiseptics,  it  is  advisable  to 
raise  the  temperature  of  the  medium.  Here  is  a  fact  of  consider- 
able importance  from  a  practical  point  of  view.  For  purpo.ses  of 
difflnfection,  warm  solutions  should  be  used.  Thus,  while  anthrax 
Bpores  resist  a  5  per  cent,  solution  of  carbolic  acid  at  ordinary 
t«npcTature,  they  perish  in  the  same  solution  in  two  hours  if  the 
lcini»erature  reaches  131"  F.  (55°  C.>,  and  in  three  minutes  if  it  rises 
to  134.6°  F.  (57°  C). 
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Determination  of  Pathogenic  Species. 

In  order  for  a  microbe  to  be  considered  as  the  true  cause  of  a  dis- 
ease it  must,  it  is  said,  fulfil  the  following  four  conditions:  it  must 
be  present  in  all  individuals  suffering  from  the  disease ;  it  must  not 
be  found  in  other  diseases ;  it  must  be  possible  to  isolate  and  cultivate 
it;  and,  finally,  it  must  reproduce  the  disease  by  inoculation  of  its 
cultures. 

These  rules  are  excellent,  but  cannot  be  accepted  as  absolutely 
exact,  and  they  therefore  require  some  discussion. 

The  first  precept  is,  perhaps,  the  most  immutable,  and  would  seem 
to  admit  of  no  exception.  In  certain  cases,  however,  the  search  for 
microbes  may  be  fruitless  without  impairing  the  value  of  previous 
positive  findings.  The  pathogenic  agent  is  not  necessarily  dissem- 
inated throughout  the  organism.  It  is,  therefore,  possible  to  over- 
look it  if  cultures  are  not  prepared  from  every  tissue  and  fluid.  Even 
in  those  cases  in  which  numerous  cultures  are  made  the  result  may 
be  negative  for  th^  reason  that  the  pathogenic  agent  is  destroyed 
before  the  time  of  examination,  having  left  lesions  or  a  special 
cachexia.  Suppurations  originated  by  microbes  persist  long  after  the 
extinction  of  the  microbes.  Analogous  facts  are  matters  of  daily 
observation  in  experimental  pathology.  We  inoculate  a  mild  virus, 
the  animal  dies  after  a  considerable  length  of  time.  At  that  moment 
the  most  minute  examination,  the  most  exhaustive  series  of  cultures 
fail  to  reveal  the  microbe  introduced.  It  has  perished,  but  the  post- 
infectious events  have  followed  their  course  to  a  fatal  termination. 

Another  cause  of  error  results  from  the  fact  that  the  principal 
microbe  may  be  accompanied  by,  and  even  be  lost  among,  other 
microbes.  Necropsy  is  generally  practised  too  late  to  give  reliable 
results,  for  during  the  agony  various  species  of  microbes,  particularly 
the  colon  bacillus,  pass  from  the  intestine  into  the  viscera,  fluids,  and 
tissues,  and  it  is  these  microbes  which  are  found  at  the  necropsy. 
These  germs  develop  in  artificial  media  more  readily  than  the  specific 
microbes,  and  if  they  are  of  the  pathogenic  class,  as  is  the  colon 
bacillus,  they  may  readily  be  mistaken  for  the  cause  of  infection. 

Even  when  examination  is  made  during  life  microbic  associations 
are  apt  to  lead  to  error.  In  diphtheria,  for  instance,  it  is  quite 
exceptional  to  meet  with  a  case  free  from  such  associations.  It  is 
not  strictly  correct  to  speak  of  pure  diphtheria.  Those  cases  in  which 
inoculation  into  serum  gives  rise,  at  the  end  of  fifteen  hours,  to  no 
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for  animals.  To  cite  the  best-known  example,  such  is  the  parasite 
of  malaria.  It  is  easy  to  understand,  therefore,  why  Laveran's 
discovery  was  not  readily  accepted.  Ten  years  of  ardent  discussion 
was  necessary  to  convince  the  opponents. 

Inoculation  of  the  pathogenic  agent — viz.,  the  reproduction  of  the 
observed  disease  in  animals — has  led  to  such  encouraging  results, 
and  its  methods  are  so  simple  that  it  is  resorted  to  on  every  hand. 

The  progress  of  experimental  pathology  has  been  most  wonderful, 
but  science  is  unfortunately  overrun  with  uncertain  and  erroneous 
data,  for  which  hasty  and  incomplete  contributions  are  responsible. 
Moreover,  owing  to  a  natural  tendency  of  the  human  mind,  experi- 
menters have  asked  of  the  laboratory  more  than  it  could  give.  Not 
contented  with  the  information  which  it  is  capable  of  furnishing  with 
regard  to  etiology,  they  wished  to  find  certain  and  accurate  indica- 
tions concerning  diagnosis,  prognosis,  and  treatment.  If,  in  certain 
instances,  experimentation  has  responded  to  all  that  was  asked  of 
it,  it  has  more  frequently  yielded  uncertain  and  misleading  results 
The  fact  is  that  there  is  no  constant  relation  between  the  virulence 
of  pathogenic  agents  for  man  and  their  action  upon  animals.  Experi- 
mentation demonstrates  this.  A  microbe  exhalted  for  one  species 
may  be  attenuated  for  another.  While  highly  virulent  for  man,  it 
may  be  harmless  for  laboratory  animals. 

Even  when  the  virulence  of  a  microbe  undergoes  no  variation  its 
efifect  may  vary  greatly,  according  to  the  previous  state  of  the  in- 
vaded organism.  It  is  a  matter  of  frequent  occurrence  that  patients 
gravely  infected  transmit  a  mild  infection,  and  vice  versa.  The  his- 
torv  of  variola  ofifers  numerous  illustrations  of  this  fact.  Likewise, 
two  individuals  contract  a  venereal  disease  on  contact  with  the  same 
woman — i.  e. ,  under  conditions  as  identical  as  possible.  In  one  of 
the  cases,  however,  the  infection  is  benign;  in  the  other  it  pursues 
an  alarming  course. 

These  remarks  are  by  no  means  intended  to  diminish  the  impor- 
tance, but  to  indicate  the  difficulties  of  experimental  researches.  We 
shall  endeavor  to  lay  down  rules  which  should  guide  bacteriological 
experimentation. 

Role  of  Experimentation  in  the  Study  of  Infectious  Diseases. 
A  first  difficulty  is  the  choice  of  the  animal.  The  mouse,  the  guinea- 
pig,  and  the  rabbit  are  the  animals  most  frequently  experimented 
upon ;  much  less  frequently  the  dog  and  the  monkey  are  employed. 
Larger  animals  are  difficult  to  manage  and  also  too  expensive.    AVhat, 
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however,  complicates  the  problem  is  the  fact  that  some  diseases  are 
exclusively  human.  Syphilis  is  of  this  number.  In  such  cases  tlie 
demonstration  of  the  jtathogenie  agent  becomes  a  matter  of  serious 
difficulty,  as  the  unquestionable  and  final  proof  is  lacking.  The  same 
remarks  are  applicable  to  other  infections  peculiar  to  man.  such  as 
mumps,  typhus  fever,  and  leprosy. 

The  impossibility  of  transmitting  certain  diseases  to  animals  has 
compelled  some  authors  to  operate  upon  man.  Long  before  the 
period  of  bacteriology  attempts  of  this  character  were  matie,  and 
science  undoubtedly  lienefited  by  the  inoculations  of  syphilitic  virus. 
Althouglj  not  many  years  have  elapsed  since  that  period,  a  higher 
and  more  just  conception  of  our  duty  toward  patients  intrusted  to 
our  care  has  caused  ue  rightly  to  condemn  these  criminal  attempts, 
At  the  present  day  nobody  would  venture  to  inoculate  the  virus  of 
syphilis,  variola,  or  cancer.  Should  the  subject  consent  to  submit 
to  such  experiments,  it  would  be  our  duty  to  refuse.  If,  however, 
an  investigator  believes  he  lias  discovered  the  pathogenic  agent  of 
some  infection,  he  lias  the  right  to  experiment  upon  himself. 

liVhen  a  microbe  is  inoculated  into  an  animal,  three  results  are 
possible:  (1)  the  animal  may  be  endowed  with  natural  inmiunity  and 
resist  in  spite  of  all  efforts  of  the  experimenter;  (2}  it  may  contract 
a  disease  altogether  similar  to  that  from  which  the  microbe  under 
study  is  derived^in  which  case,  the  result  is  perfect  and  convincing; 
(3)  finally,  it  may  present  morbid  symptoms  which  seem  to  have  no 
analogy  with  those  observed  in  man.  In  the  latter  instance  the 
experimenter  remains  in  doubt. 

The  last  reindt  may  be  illustrated  by  numerous  examples.  The 
poeumococcus.  for  instance,  produces  fibrinous  pneumonia  in  man. 
The  microbe  is  obtained  from  the  exudate,  cultivated,  and  then 
inoculated  into  a  rabbit  or  a  mouse,  which  iXies  in  twenty-four  or 
forty-eight  hours  without  presenting  any  pulmonary  lesion.  It  has 
succumbed  to  a  genuine  septicemia. 

The  result  i.s  evidently  somewhat  discouraging.  It  must,  however, 
stimulate  the  experimenter  to  persist  in  his  researches,  for  by  chang- 
ing the  animals,  by  mollifying  the  channel  of  introduction  of  the 
pathoge-nic  agent,  by  producing  various  concomitant  lesions,  or  by 
changing  the  culture  medium,  he  may  often  obtain  more  conclusive 
results.  X^t  us,  therefore,  lay  tlown  the  principal  rules  of  experi- 
mentation. 

Inoculations  are  at  times  practised  with  virulent  material  taken 
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directly  from  a  diseased  individual.  This  method  of  procedure  is 
now  abandoned  and  is  hardly  ever  resorted  to  since  the  introduction 
of  cultures.  It  may,  nevertheless,  be  of  service  in  those  instances 
in  which  the  pathogenic  agent  is  unknown.  In  hydrophobia,  for 
example,  direct  inoculations  only  are  made,  and  by  means  of  certain 
procedures  the  virus  is  modified  and  graduated  as  easily  as  if  it  had 
been  isolated  and  cultivated. 

In  some  cases,  even  when  it  is  possible  to  cultivate  the  microbe, 
it  may  be  preferable  to  make  inoculations  with  the  diseased  tissues, 
for,  while  the  passage  through  artificial  media  modifies  the  virulence, 
it  generally  weakens  it,  and  sometimes  imparts  to  it  particular  char- 
acters. Inoculations  in  series  are  equally  useful  for  strengthening  a 
virus  and  for  determining  the  virulence  of  a  microbe  in  the  organ- 
ism. The  last  consideration  guided  me  in  my  researches  on  avian 
tuberculosis.  With  Drs.  Cadiot  and  Gilbert,  the  author  inoculated 
directly  into  mammalia  tuberculous  products  derived  from  birds,  and, 
reciprocally,  tuberculous  products  of  mammalia  were  inoculated  into 
birds.  We  were  thus  able  to  determine  the  real  virulence  of  the 
bacillus.  The  results  proved  that  we  were  right  in  so  acting,  since 
the  employment  of  cultures  gives  rise  to  errors  of  interpretation. 

In  the  majority  of  cases  inoculations  are  made  with  pure  cultures. 
This  method  alone  furnishes  reliable  indications  as  to  the  nature  of 
the  pathogenic  agents.  It  alone  enables  us  to  differentiate  the  mi- 
crobes, to  interpret  their  biological  characters,  and  to  modify  their 
power  and  action  upon  the  organism.  The  variations,  however, 
which  occur  are  not  always  due  to  the  intervention  of  the  experi- 
menter. The  virulence  of  a  culture  is  sometimes  lessened  or  van- 
ishes for  some  unknown  reason.  This  inconvenience  has  recently 
been  remedied  by  modifying  the  culture  media  and  by  abandoning 
more  and  more  the  employment  of  bouillons.  Animal  fluids,  serum, 
ascitic  fluid,  pleuretic  effusion,  defibrinated  blood  are  made  use  of 
instead.  These  are  sometimes  mixed  with  bouillon  or  agar-agar,  or 
the  cultures  are  prepared  within  the  living  organism  itself.  Small 
capsules  of  collodion  containing  the  microbe  are  introduced  into  the 
abdominal  cavity.  Diffusion  of  the  organic  fluids  readily  takes  place 
through  the  membrane,  which  protects  the  pathogenic  agent  against 
the  phagocytes. 

Even  under  these  conditions,  however,  the  cultures  do  not  always 
preserv^e  their  virulence  or  their  uniformity.  Just  as  with  the  higher 
organisms,  which,  when  placed  under  apparently  identical  conditions, 
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are  always  dissimilar,  the  microbes  contained  in  a  mediimi  are  not 
all  endowed  with  the  same  degree  of  vitality.  Among  the  individuals 
swarming  in  a  culture  capsule  some  are  more  active  or  more  pathogenic 
than  others.  It  is  very  difficult,  not  to  say  impossible,  to  obtain 
perfectly  uniform  cultures.  There  is,  however,  much  of  interest 
in  making  attempts  in  this  direction,  since  this  individual  vari- 
ability of  pathogenic  elements  is  the  cause  of  many  contradictory 
results. 

Detennmism  in  Bacteriology.    It  is  curious  to  note  how  little 
determinism  in  bacteriology  is  regarded.    The  reason  is,  perhaps, 
that  determinism  in  this  branch  of  research  presents  particular  diffi- 
culties.   To  declare,  however,  that  a  bacterium  inoculated  into  sim- 
ilar animals  and  under  apparently  identical   conditions  produces 
different  effects  is  an  avowal  of  impotence.    That  such  should  be 
the  case  with  regard  to  man  cannot  be  avoided.    We  must  submit, 
so  to  say,  to  the  caprices  of  clinical  phenomena.    We  are  victims  of 
the  chances  and  accidents  of  observation.    In  experimental  path- 
ology, however,  we  must  endeavor  to  suppress  the  unforeseen  and  the 
inconstant.     We  must  seek  to  obtain  fixed  and  invariable  results. 
This  is,  of  course,  a  matter  of  great  difficulty,  for,  while  it  is  difficult 
to  determine  the  phenomena,  even  in  physiological  experiments,  the 
problem  is  far  more  complex  in  bacteriology.    Here  we  combine  two 
essentially  variable  factors.    The  animals,  in  spite  of  appearances, 
possess  individual  differences.     On  the  other  hand,  the  microbe,  as 
a  living  being,  possesses  no  immutable,  well-defined  properties  such 
as  are  peculiar  to  a  crystallized  chemical  poison.  The  result  is  that 
a  microbe  of  variable  action  is  introduced  into  an  animal  of  variable 
reactions.    The  causes  of  uncertainty  are  thus  added.    While  it  is 
possible  to  interpret  certain  problems  and  to  determine  certain  phe- 
nomena, in  most  cases  this  means  to  displace  the  unknown.    For 
instance,  let  us  follow  the  passage  of  the  bacillus  anthracis  through 
the  placenta.    A  certain  number  of  pregnant  guinea-pigs  are  inocu- 
lated; at  the  necropsy  it  is  found  that  in  some  of  the  animals  the 
bacillus  has  invaded  the  foetus,  but  not  in  all.    Such  is  the  fact. 
Dr.  Malvoz  determined  this  by  showing  that  the  placenta  does  not 
permit  the  passage  of  organisms  except  when  it  is  altered.     If  it 
remains  intact,  it  acts  as  a  perfect  filter.    Consequently,  we  are  able 
to  state  precisely  that  the  bacillus  traverses  the  diseased  placenta, 
but  it  does  not  pass  through  the  intact  placenta.     It  is  evident, 
however,  that  the  problem  is  only  modified.    In  explaining  a  first 
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point  a  new  one  ie  introduced.  It  remains  to  determine  the  causes 
which  permit  or  prevent  localization  of  the  bacillus  in  the  placenta. 
When  we  become  acquainted  with  them  the  phenomenon  will  then 
be  eluei<late<i. 

The  aim  of  the  experimenter  is,  therefore,  to  reproduce  in  animals 
constant  alterations  and  identical  modifications.  Next,  he  must 
vary  one  of  the  experimental  conditions  to  obtain  new  effects.  He 
will  then  be  ma.ster  of  the  phenomenon  and  be  in  a  position  to 
draw  conclusions  concerning  the  mechanism  of  infectious  occur- 
rences. 

Through  this  procedure  it  has  already  been  possible  to  solve  cer- 
tain questions  in  etiology  and  pathogenesis.  This  has  been  accom- 
plished by  modifying  the  local  or  general  resistance  of  the  animals 
by  various  means,  such  aa  intoxication,  overwork,  fasting,  section  of 
nerves,  ligature  of  arteries,  traumatism  of  tissues,  etc.  Morbid  dis- 
positions arc  created  thus,  and  the  results  obtaineil  lead  to  a  better 
understanding  of  the  mechanism  of  the  pathological  events. 

This  is  not  sufficient,  however.  A  more  profound  study  of  the 
lesions  is  required.  It  is  of  the  highest  interest  to  note  that  not 
every  part  of  a  diseased  organ  is  affected  in  the  same  measure.  Along 
with  diseased  c*Us  are  found  others  in  a  perfectly  healthy  condition. 
Thus,  after  particularization  of  the  species,  of  the  race,  and  of  the 
individual,  particularization  of  the  organs  and  tissues,  and,  pursuing 
the  analysis  still  further,  even  particularization  of  the  cells  has  been 
admitted.  This  fact,  which  is  not  without  interest  from  a  philo- 
sophical point  of  view,  is  the  outcome  of  pathological  studies.  Normal 
anatomy  and  physiology  could  not  leati  us  to  this  conclusion.  On 
section  of  a  normal  organ  or  tissue  all  the  cells  .seem  alike.  It  ie 
evident,  however,  that  if  they  were  all  alike  they  should  present  the 
same  alterations  under  the  influence  of  the  same  pathogenic  cause. 
It  is  difficult  to  explain  why  two  neighboring  cells  placed  apparently 
under  identical  conditions  are  differently  affected.  The  age  of  cells 
may  be  responsible.  These  elements,  according  to  the  universal  law 
governing  all  living  organisms,  succumb  and  are  renewed  unceas- 
ingly. Hence,  it  is  impossible  to  determine  whether  two  cells  close 
to  each  other  are  not  of  very  different  ages.  It  is,  then,  readily 
conceivable  that  their  resistance  should  vary  considerably  according 
to  their  ages.  It  must  also  vary  in  proportion  to  their  functional 
activity,  since  it  seems  to  be  certain  that  particular  parts  of  a  gland 
rest  while  other  parts  are  at  work.     If,  therefore,  for  any  of  the 


CHAPTER    III. 

ETIOLOGY  OF  INFECTIONS. 

Division  of  Infections,  According  to  Their  Origin,  into  Heteroinfections  and  Autoinfec- 
tions.  Transmission  by  Direct  Contact.  Transmission  through  Air,  Water,  and 
Soil.  R61e  of  the  Invertebrates.  Transmission  through  Objects  and  Clothing. 
Disinfection  of  Apartments,  Effects,  Conveyances.  Transmission  by  Plants. 
Transmission  by  Food.  Autoinfections.  Distribution  of  Microbes  in  the  Normal 
Organism.  Importance  of  Auxiliary  Causes  in  the  Development  of  Infectioiifl. 
Influence  of  Regions,  Climates,  Seasons.  Influence  of  Race,  Age,  Sex.  R61e  of 
Heredity  and  Innateness.  Action  of  External  Agents.  R61e  of  Poisons.  R61e  of 
Fasting  and  of  Fatigue.  Development  of  Epidemics;  Their  Modification  throu^ 
Time  and  Space. 

Heterointoxications  and  Autointoxications. 

Infectious  diseases  may  be  due  to  two  different  origins:  on  the 
one  hand,  the  pathogenic  germs  come  from  without,  and  their  intro- 
duction into  the  organism  is  the  evident  cause  of  the  morbid  process; 
in  other  instances  they  are  ah*eady  present  within  the  organism  as 
simple  epiphytes  giving  rise  to  no  disturbance,  but  always  ready  to 
manifest  their  virulence  on  the  slightest  occasional  cause.  These 
divisions  are  indicated  by  the  terms  heteroinfection  and  autoinfedion. 

The  recognition  of  autoinfections  is  of  recent  date  and  accounts 
for  the  numerous  facts  which  were  formerly  ascribed  to  morbid  spon- 
taneousness.  As  soon  as  the  microbes  resume  their  pathogenic  ac- 
tivity, however,  they  are  capable  of  invading  healthy  persons  and 
exerting  their  noxious  power:  the  disease,  born  spontaneously,  thus 
becomes  transmissible. 

A  disease  is  said  to  be  contagious  when  it  can  be  communicated, 
either  directly  or  indirectly,  by  a  diseased  individual  to  a  healthy 
one.  Although,  in  the  majority  of  cases  infecting  and  infected  indi- 
viduals belong  to  the  same  species,  this  is  not  always  the  case — hian 
may  be  contaminated  by  animals. 

In  the  cjise  of  direct  transmission,  contagion  occurs  in  two  different 
ways:  either  by  contact  or  by  inoculation.  In  the  former  instance 
the  morbid  germs  derived  from  the  infected  subject  invade  the 
healthy  organism  through  unbroken  mucous  membranes,  generally 
through  the  respiratory  passages  or  the  alimentary  canal.     In  the 
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although,  in  this  regard,  there  is  as  yet  no  convmcmg  observation. 
Bites  by  hydrophobic  individuals  have  thus  far  never  given  rise  to 
the  disease. 

In  a  second  group  may  be  classed  those  infectious  germs  which 
are  capable  of  transmission  to  a  distance  through  the  agency  of 
squamae,  urine,  expectoration,  etc.  The  cutaneous  squamae  are 
often  considered  the  agents  of  transmission  of  the  eruptive  fevers 
and  erysipelas.  For  the  latter  disease,  however,  the  mechanism  of 
transmission  is  scarcely  acceptable,  since  bacteriological  researches 
demonstrate  that  the  products  of  desquamation  contain  no  strepto- 
cocci. 

The  transmissibility  of  eruptive  fevers  varies  according  to  the 
infection  considered. 

The  germ  of  measles  is  contained  in  the  oculonasal  secretions  and 
saliva,  as  was  demonstrated  by  the  successful  inoculations  made  by 
Monro  and  Looke  in  the  eighteenth  century,  and  by  Mayo  in  1860. 
In  accordance  with  these  experiments,  observation  teaches  us  that 
measles  is  contagious  before  the  stage  of  eruption,  and  soon  ceases 
to  be  so,  since  five  or  six  days  after  the  appearance  of  the  exanthem 
the  germ  seems  to  be  destroyed.  In  very  rare  exceptions  convales- 
cents from  measles  have  been  known  to  infect  healthy  persons  fifteen 
and  even  thirty  days  after  the  beginning  of  the  disease. 

The  squamae  are  generally  believed  to  be  the  media  for  the  trans- 
mission of  the  germs  of  scarlatina.  According  to  recent  researches 
by  Dr.  Lemoino,  however,  the  morbid  germs  are  found  in  the  secre- 
tions of  the  throat,  and  the  disease  may  thus  be  transmitted  before 
the  appearance  of  the  eruption.  By  questioning  scarlatinal  patients- 
I  have  found  in  several  cases  that  the  typical  disease  had  developed 
in  consequence  of  contact  with  an  individual  suffering  merely  from 
a  sore  throat. 

As  in  measles,  the  germ  of  scarlatina  is  found  in  the  throat  and 
not  in  the  squamaj.  The  latter  may  become  the  media  of  transmis- 
sion in  so  far  as  they  are  apt  to  be  contaminated  by  the  saliva  of 
the  patient.  It  is  also  to  be  remembered  that  the  virus  of  scarlatina 
is  more  persistent  than  that  of  measles.  The  period  of  forty  days, 
fixed  by  the  Council  of  Hygiene  (of  Paris),  is  generally  sufficient, 
though  contamination  has  exceptionally  taken  place  after  the  expi- 
ration of  this  time.  Unlike  the  scarlatina  germ,  that  of  measles 
possesses  but  slight  viability  and  diffusibility.  Two  or  three  hours 
outside  of  the  diseased  organism  is  sufficient  to  destroy  the  virus. 
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Epidemiology  of  Smallpox.  The  study  of  smallpox  strikingly 
illustrates  the  mode  of  propagation  of  epidemics  of  this  disease. 

The  microbe  of  smallpox,  by  its  great  resistance,  seems  to  closely 
resemble  that  of  scarlatina,  but  it  is  far  less  diffusible.  Its  trans- 
mission through  air  has  not  been  demonstrated.  In  many  cases  in 
which  this  mode  of  propagation  was  assmned  inquiry  established 
that  a  patient  or  some  attendant  had,  in  violation  of  instructions, 
trespassed  the  boimdaries  of  isolation,  or  that  disinfection  of  con- 
taminated objects  had  not  been  thorough. 

During  the  epidemic  which  raged  in  1900  we  received  928  patients 
in  the  Hospital  d'Aubervilliers.  Of  this  nmnber,  246  had  been  con- 
taminated directly  by  contact  with  individuals  suffering  from  variola. 
We  have  established  a  rule  that  a  smallpox  patient  must  remain  in 
the  hospital  for  at  least  forty  days.  Those  who  need  a  certificate 
for  resuming  their  work  respect  the  rule,  but  others,  under  various 
pretences,  leave  the  hospital  too  soon  and  spread  the  disease.  The 
study  of  the  epidemic  of  1900  further  shows  that  the  poorer  sec- 
tions of  Paris  suffered  most,  since  the  rules  of  hygiene  are  not  well 
observed  by  the  inhabitants  of  these  quarters.  When  there  is  a 
patient  in  a  workman's  family  the  neighbors  often  come  to  nurse  the 
sick,  and  then  return  home  or  to  work  without  taking  any  precau- 
tions. In  one  of  my  observations  the  jani tress  nursed  a  poor  indi- 
vidual attacked  by  smallpox,  and  the  devotion  of  this  brave  woman 
resulted  in  the  transmission  of  the  malady  to  the  majority  of  the 
tenants. 

The  mildest  cases  are  particularly  dangerous  for  the  public.  An 
individual  is  seized  with  malaise,  muscular  pain,  fever,  and  at  times 
with  rachialgia.  He  stays  at  home  for  three  or  four  days.  An 
eruption  then  makes  its  appearance :  a  dozen  large  papules  resem- 
bling acne  appear  upon  his  face.  At  this  time  the  patient  feels  well, 
and  resumes  his  occupation.  Not  having  consulted  a  physician,  he 
is  ignorant  of  the  nature  of  the  disease.  It  must  also  be  remembered 
that  many  physicians  are  imable  to  diagnose  variola  since  epidemics 
have  become  rare.  Nevertheless,  the  failure  of  a  physician  to  recog- 
nize smallpox  has  often  been  the  cause  of  its  propagation. 

Epidemics  in  Oeneral.  It  seems  that  the  study  of  conditions 
governing  the  development  of  epidemics  in  general  tends  more  and 
more  to  reduce  the  r61e  of  transmission  at  a  distance  and  to  empha- 
size the  importance  of  direct  contamination.  The  latter  mode  is 
most  often  responsible  for  the  infection  of  wounds.    Though  trans- 
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mission  by  air  is  possible,  propagation  is,  in  the  majority  of  cases, 
effected  through  insufficiently  cleansed  instruments  and  hands. 

Some  twenty  years  ago,  when  infection  of  woimds  was  still  fre- 
quent, I  had  the  opportunity  to  observe  an  epidemic  of  erysipelas 
in  a  surgical  ward.  The  first  case  was  seen  one  morning.  The 
following  day  a  second  case  occurred,  and  others  appeared  on  sub- 
sequent days.  Transmission  by  air  and  the  infection  of  the  ward 
was  assumed.  On  studying  the  course  of  the  epidemic,  however,  it 
was  noticed  that  only  those  patients  had  been  attacked  at  whose 
bedsides  the  attendant  surgeon  and  his  assistants  had  stopped.  The 
latter  had  received  the  germ  of  erysipelas  from  the  first  patient  and 
-conveyed  it  to  the  others.  Those  patients  who  had  not  been  visited 
remained  exempt.  Here,  then,  is  a  series  of  facts  contrary  to  the 
theory  of  the  distribution  of  contagium  through  the  air. 

Infection  may  also  be  contracted  by  contact  with  diseased  animals. 
In  certain  instances  the  virus  is  deposited  directly  in  a  wound;  at 
other  times  by  means  of  a  bite,  as  in  the  case  of  hydrophobia;  or  by 
accident  in  handling  diseased  animals  or  cadavers.  It  has  been 
asserted  that  scarlet  fever  is  an  infection  of  bovine  origin  and  that 
it  may  be  propagated  by  milk  (Klein).  Some  authorities  believe 
that  all  the  eruptive  fevers  are  of  animal  origin.  Finally,  an  infec- 
tion of  parrots,  which  has  recently  been  studied  and  is  due  to  a 
bacillus  related  to  the  colon  bacillus,  is  highly  virulent  for  man. 
This  infection  is  known  as  psittacosis. 

Transmission  of  Tuberculosis  by  Contact.  Of  all  infections 
tuberculosis  is  incontestably  the  most  readily  transmitted  among 
different  behigs.  Direct  contamination  of  the  healthy  man  by  dis- 
eased animals  is  no  longer  a  matter  of  doubt  since  the  imity  of 
tuberculosis  in  all  animals  has  been  admitted.  ^Vhile  there  are  sev- 
eral varieties  of  Koch's  bacillus  the  differences  separating  them  are 
not  of  sufficient  dignity  to  constitute  specific  characters.  From  a 
scientific  standpoint,  it  is  generally  admitted  that  the  digestive 
organs  may  be  infected  by  ingestion  of  the  flesh  or  milk  of  tuber- 
culous animals.  The  frequency  of  such  cases  has  not,  however,  been 
established. 

Direct  inoculation  of  tuberculosis  seldom  takes  place.  Several 
cases  have  been  published  concerning  Hebrew  children  who  became 
infected  as  a  result  of  circumcision  practised  according  to  the  rite, 
requiring  the  operator  to  arrest  hemorrhage  by  oral  suction.  Modern 
researches  have  demonstrated  the  anatomical  tubercle  to  be  a  gen- 
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average  number  of  bacteria  contained  in  the  air  of  Monsouris  is 
170  in  winter,  295  in  spring,  345  in  summer,  and  195  in  autunm. 
The  highest  figures  were  found  in  July  and  the  lowest  in  De- 
cember. 

It  has  generally  been  thought  sufficient  to  count  the  number  of 
microbes  in  the  air  without  ascertaining  the  proportion  of  pathogenic 
agents.  However,  UUmann  detected  staphylococci  in  the  air  of  a 
surgical  ward,  and  Eiselsperg  and  Enmierich  found  streptococci.  The 
latter  microbe  seems  to  be  quite  widely  distributed  in  the  atmas- 
phere,  or  at  least  a  variety  of  it  is  quite  frequently  met  with  in 
decaying  substances.  It  has  also  been  demonstrated  that  air  may 
convey  the  contagium  of  diphtheria,  typhoid  fever,  and  the  eruptive 
fevers.  As  already  stated,  however,  this  is  seldom  the  case.  Even 
influenza  does  not  attack  those  persons  who  have  not  been  in  contact 
with  those  suffering  from  the  malady,  and,  although  its  propagation 
is  often  rapid,  it  is  not  any  more  so  than  our  means  of  conmiunica- 
tion.  Epidemics  are  engendered  not  by  the  air  but  by  the  agency 
of  individuals. 

Transmission  of  Tuberculosis  by  Inhalation.  From  a  bac- 
teriological standpoint,  the  air  expired  from  the  lungs  of  a  tuber- 
culous patient  is  pure,  since  it  contains  no  tubercle  bacilli  or  any 
other  microbe.  The  real  danger  resides  in  the  expectoration.  Pro- 
tected by  the  organic  particles  in  which  it  is  incorporated,  the  ba- 
cillus retains  its  vitality  in  the  dried  sputa  for  a  long  period  and  is 
distributed  far  and  wide.  The  protected  bacillus  is  more  dangerous 
than  the  free  microbes,  because  the  animal  and  vegetable  detritus 
containing  it  act  as  foreign  bodies  and  give  rise  to  inflanmiatory 
reactions  which  favor  '  tuberculization. '' 

Numerous  experiments  have  proved  that  inhalation  is  a  far  more 
certain  mode  of  contagion  than  ingestion.  In  this  connection,  Tap)- 
peiner\s  researches  upon  dogs  leave  no  room  for  doubt.^ 

It  is  not  correct,  however,  to  say  that  the  bacilli  are  carried  by 
the  dried  sputa  alone.  The  researches  of  Fluegge  and  his  disciples, 
wliich  have  been  confirmed  by  Moeller,  have  established  that  a  con- 
sumptive, when  speaking  or  coughing,  projects  about  him  a  sort  of 
microscopic  spray  of  mucus  and  saliva  charged  with  tubercle  bacilli. 
The  persons  surrounding  him  are  thus  exposed  to  the  danger  of  con- 
tracting the  disease. 

^  Tapi)oiner.  UcbtT  cine  nciio  Methodo  Tuberculose  zu  erzeugen.  Virchow's  Arch., 
1878.     Neuc  exp.  Heitriigf?  zur  Inbalationtuborculost?.     Ibid.,  1880. 
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Conveyance  of  Infection  by  Water.  The  transmission  of  infec- 
tious diseases  through  the  agency  of  water  is  far  more  frequent 
than  by  means  of  the  air.  This  fact  was  known  to  the  ancients,  who 
used  aromatic  infusions  as  beverages,  thus  employing  a  very  rational 
method  of  sterilization.  In  passing  through  the  soil,  water  frees 
itself  of  microbes.  Spring  water,  therefore,  when  taken  at  its  source, 
is  often  absolutely  sterile.  For  this  to  occur,  however,  water  must 
percolate  through  porous  strata.  When  it  filters  through  calcareous 
strata,  making  its  own  little  channel,  it  retains  its  microbes.  Such 
are  the  waters  of  Avre  and  Vanne,  which  supply  Paris.^  As  soon  as 
it  enters  upon  its  course,  spring  water  begins  to  acquire  bacteria. 
Even  hot  mineral  spring  water  contains  bacteria. 

It  is  readily  understood  that  bacteria  become  more  numerous  when 
a  water-course  traverses  a  city.  We  must  remember,  however,  that 
running  water  purifies  itself  quite  rapidly.  The  following  figures 
are  convincing:  The  water  of  the  Izar  before  its  passage  through 
Munich  contained  305  bacteria  per  cubic  centimetre.  At  its  exit 
from  the  city,  after  having  received  the  contents  of  the  sewers,  it 
contained  12,600  per  cubic  centimetre.  Thirteen  kilometres  further 
down  the  figure  is  reduced  to  2400  per  cubic  centimetre.  This 
natural  depuration  is  likewise  effected  in  reserv^oirs.  The  water  of 
the  Thames,  for  instance,  contains  1437  bacteria  per  cubic  centi- 
metre. It  contains  only  318  per  cubic  centimetre  after  its  passage 
into  a  first  reservoir,  and  177  per  cubic  centimetre  at  its  exit  from 
a  second.  As  already  stated,  the  action  of  the  sun  is  more  powerful. 
Fewer  microbes  are  foimd  at  8  p.m.  than  early  in  the  morning.  The 
number  may  thus  fall  from  520  to  5  per  cubic  centimetre. 

Epidemiological  and  bacteriological  researches  have  led  to  prophy- 
lactic principles  of  importance.  The  water  origin  of  typhoid  fever, 
cholera,  and  dysentery  seems  to  be  definitely  established.  In  regard 
to  tj'phoid  fever,  the  history  of  epidemics  is  at  least  as  important  as 
bacteriological  researches,  since  it  is  difficult  to  separate  and  differ- 
entiate the  colon  bacillus  from  the  typhoid  bacillus,  when  these  two 
microbes  are  present  in  the  same  fluid.  The  errors  that  have  been 
made  in  this  respect,  however,  have  led  to  wise  hygienic  precautions. 
At  the  same  time  a  more  minute  study  of  pathogenesis  has  developed 
new  ideas  concerning  the  origin  and  spread  of  infections.  It  has  been 
questioned  whether  the  r61e  of  water  was  not  a  complex  one ;  whether, 

*  Thoinot.  Les  sources  de  la  craie  et  la  fidvro  tj'phoidc.  Prcsse  m^dicalc,  Feb.  14, 
1900. 
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in  addition  to  the  possible  presence  of  pathogenic  agents,  it  was 
necessary  to  weigh  the  action  of  saprophytes  capable  of  favoring 
their  development.  Authorities  are  now  inclined  to  admit  this 
theory  with  regard  to  cholera  and  typhoid  fever.  It  accounts  for 
those  cases  in  which  the  disease  attacked  persons  who  had  drunk 
from  a  reservoir  polluted  by  percolations  from  cesspools.  Typhoid 
fever  has  developed  even  w^hen  the  matters  were  derived  from  indi- 
viduals free  from  this  disease  or  w^ho  had  suffered  from  it  a  year 
before.  At  the  end  of  so  long  a  period  the  bacillus  was  certainly 
destroyed.  In  fact,  according  to  the  researches  of  KarUnski,  it  is 
known  that  the  microbe  does  not  survive  in  fecal  matters  for  more 
than  three  months.  This  fact,  which  is  often  cited  in  support  of  the 
specific  origin  of  the  disease,  seems  rather  to  lead  to  a  contrary 
conclusion. 

Whatever  mode  is  responsible,  it  is  certain  that  water  causes  the 
majority  of  epidemics  and  explains  their  recrudescence  in  regions 
where  the  disease  is  endemic.  In  this  connection  nothing  is  more 
instructive  than  the  researches  of  Drs.  Brouardel,  Chantemesse,  and 
Widal.  These  authors  showed  that,  in  Paris,  in  1885,  1886,  and 
1887,  typhoid  fever  suddenly  increased  twelve  or  i&fteen  days  after 
the  population  was  supplied  with  river  water,  and  disappeared  as 
soon  as  spring  water  was  again  furnished. 

The  survival  of  germs  in  water  has  been  studied  by  various  authori- 
ties. Straus,  Dubary,  and  Hochstetter  have  produced  figures  in 
evidence  of  the  effects  exerted  by  diverse  conditions,  such  as  the 
composition  of  the  water,  presence  of  other  microbes,  dissolved  sub- 
stances, and  the  action  of  carbonic  acid,  as,  for  example,  in  seltzer 
water.  In  this  connection  it  should  be  remarked  that  carbonic  acid 
imder  pressure  confers  no  germicidal  property  upon  seltzer  water. 
Although  the  non-sporulating  anthrax  bacillus  dies  in  it  within  an 
hour,  the  typhoid  bacillus  resists  for  from  five  days  to  twelve  days, 
that  is,  about  the  same  as  in  ordinary  water. 

The  conclusion  is  that  water  furnished  for  drinking  purposes 
always  contains  microbes. 

Transmission  of  Infections  by  the  Soil.  The  soil  receives  as 
many  microbes  as  does  w^ater.  These  sink  deep  into  the  soil,  but 
no  further  than  three  and  one-half  to  four  yards  below  the  surface. 
At  this  depth  the  soil  becomes  sterile.  The  maximum  is  found  at 
twenty  inches  (C.  Fraenkel).  Those  remaining  upon  the  surface  are 
rapidly  destroyed  by  the  sun's  rays.     However,  a  little  soil  or  dust 
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taken  at  the  surface  of  the  road  almost  constantly  shows  some  patho- 
genic agents:  pyogenic  cocci,  the  bacillus  of  gaseous  gangrene,  of 
tetanus,  and  in  certain  localities  the  bacillus  anthracis.  Clinical 
studies  supplementing  the  data  of  bacteriological  research  have 
established  the  telluric  origin  of  the  agents  of  dysentery,  cholera, 
typhoid  fever,  tuberculosis,  and  icterus  gravis.  These  various  agents, 
as  above  stated,  are  found  in  and  not  upon  the  surface  of  the  soil. 
They  are  brought  to  the  surface  on  various  occasions  when,  for 
instance,  the  soil  or  streets  are  dug  or  torn  up  for  diverse  purposes. 
Such  work  is  too  often  followed  by  the  outbreak  of  epidemics  of 
typhoid  fever,  diarrhea,  or  icterus  gravis. 

Sole  of  the  Invertebrates  in  the  Transmission  of  Infections. 
It  has  long  been  known  that  certain  pastures  were  particularly  dan- 
gerous as  centres  of  anthrax  infection.  In  Beauce  such  pastures 
were  called  *' cursed  fields.''  At  times  the  focus  was  confined  to  a 
farm  or  a  stable.  Pasteur  undertook  the  study  of  this  mysterious 
question  and  discovered  anthrax  spores  in  the  infecting  soil  in  the 
neighborhood  where  anthrax  animals  had  been  buried  several  years 
before.  Pasteur  asserted  that  earthworms  ingested  the  spores  with 
the  contaminated  soil  and,  coming  to  the  surface,  deposited  them 
with  their  excreta.  Koch  vigorously  opposed  Pasteur's  theory.  He 
argued  that  the  soil  is  too  cold  to  permit  the  vegetation  and  particu- 
larly the  sporulation  of  anthrax.  The  soil,  however,  seems  to  be  a 
good  culture  medium.  Soyka^  proved  by  experiment  that  the  intro- 
duction of  particles  of  quartz  into  liquids  in  which  bacteria  are  culti- 
vated markedly  favors  sporulation.  It  is  further  to  be  remarked 
that  the  temperature  of  the  soil  is  higher  around  buried  cadavers 
because  of  the  heat  generated  by  putrefaction. 

Earthworms  are  not  the  only  animals  capable  of  conveying  anthrax. 
The  highly  interesting  experiments  of  Karlinski^  demonstrate  that 
snails  may  play  the  same  r61e.  Living  spores  were  found  in  their 
intestines  eleven  days  after  ingestion  of  food  containing  anthrax 
bacilli.  Insects,  particularly  flies,  are  often  the  agents  of  microbic 
transmission.  At  times  they  simply  transport  the  germs  from  one 
pK)tnt  to  another.  At  other  times  they  inoculate  them  into  healthy 
indi\iduals.  The  typhoid  bacillus  passes  through  the  intestine  of 
the  fly  without  perishing.     Flies  may  also  disseminate  the  tubercle 

«  Soyka.    Bodenfeuchtigkeit  und  Milzbrandbacillus.    Fortschritte  d.  Med.,  1886. 
*  Kartin^ki.    Zur   Kenntniss  der  Verbreitungswege  des  Milzbrandes.     Centralbl   f. 
Bakt.,  1889,  Bd.  v. 
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bacillus,  as  has  been  proved  by  Spillmann,  Haushalter,  Hoffmann,  and 
Moeller.  As,  however,  the  common  fly  is  incapable  of  biting  man,  it 
simply  diffuses  the  virus. 

The  r61e  of  mosquitoes  is  much  more  important.  As  early  as  1848 
Nott  believed  they  conveyed  yellow  fever.  In  1898  Grassi  estab- 
lished the  law  of  coincidence  of  malaria  and  certain  mosquitoes — 
the  Anopheles  and  especially  Anopheles  claviger.  The  bite  of  Culex 
pipiens  is  less  dangerous,  though  not  completely  harmless  (Laveran, 
Bignami,  Bastianelli,  etc.).  It  is  also  known  that  the  African 
cattle  disease  caused  by  the  tsetse  fly  is  not  due  to  venom,  as  was 
once  supposed,  but  to  inoculation  of  a  parasite,  trypanosonia  Evansi. 
Bed-bugs  may  transport  tuberculosis  (Dewevre)  and  recurrent  fever 
(Tiktine),  while  spirilla  die  inside  these  animals  in  forty-eight  hours. 
The  majority  of  other  microbes  perish  very  rapidly,  so  that,  according 
to  Nuttal's  experiments,  bed-bugs  do  not  seem  to  be  capable  of 
propagating  anthrax  or  bubonic  plague.  Ogata  has  shown  that  fleas 
found  upon  rats  suffering  from  plague  often  contain  the  pathogenic 
bacillus.  The  flea  of  the  rat  is  not,  however,  identical  with  that  of 
man,  and  seems  to  be  incapable  of  biting  him. 

All  these  extremely  interesting  facts  tend  further  to  reduce  the 
role  of  the  air  and  to  establish  the  conclusion  that  infections  are  most 
frequently  propagated  by  contact. 

Role  of  Objects,  Clothing,  and  Draperies.  As  early  as  1868 
Villemin  rightly  declared  that  "residences  are- foci  of  infection  for 
man,  and  should  be  disinfected  as  is  a  stable  contaminated  by  glan- 
ders.'' The  floors,  rugs,  draperies,  all  furniture,  and  particularly 
clothing,  may  receive  and  carry  infectious  germs.  Numerous  in- 
stances demonstrate  that  clothing  may  cause  the  reappearance  of  an 
infection  several  years  after  exposure.  Such,  for  example,  was  the 
case  with  the  clothing  of  a  child,  the  victim  of  diphtheria,  which  had 
been  placed  in  a  drawer  and  thus  protected  against  the  action  of 
light.  A  year  or  two  later,  when  taken  out,  they  gave  rise  to  fresh 
cases  of  diphtheria.  Hence  the  necessity  for  vigorous  disinfection 
of  apartments,  bedding,  clothing,  and  vehicles  of  transportation 
which  have  served  for  the  conveyance  of  a  sufferer  from  some  infec- 
tious disease. 

Role  of  Plants.  Infections  may  also  be  due  to  contamination 
by  plants  carrying  pathogenic  agents.  This  is  particularly  the  case 
in  aspergillosis  and  actinomycosis.  The  former  disease  attacks  those 
who  rear  pigeons,  not  because  the  birds  are  diseased,  but  because 


ETIOLOGY  OF  INFECTIONS.  75 

the  individuals  who  feed  them  put  into  their  own  mouths  grain 
contaminated  with  aspergillus  fumigatus.  Actinomycosis  is  very 
rarely  contracted  from  men  or  animals.  Man  and  the  bovidse  are 
almost  always  infected  through  the  agency  of  contaminated  ears  of 
com  or  grain  when  the  latter  are  chewed  or  the  subjects  are  pricked 
bv  them. 

Sole  of  Aliments.  Infections  may  be  transmitted  through  inges- 
tion of  meat,  viscera,  and  milk  of  diseased  animals. 

Some  authorities  claim  that  the  flesh  of  animals  suffering  from 
anthrax  may  be  consumed  with  impunity.  According  to  Johne,  the 
meat  contains  no  spores.  This  assertion  is  contradicted  by  the 
experiments  of  Schmidt-Muhlheim.  This  scientist  showed  that  Johne 
had  examined  only  the  interior  of  the  meat,  and  that  sporulation  is 
possible  upon  the  surface  in  contact  with  air.  Such  flesh  should  be 
proscribed,  if  for  no  other  reason  than  to  avoid  the  danger  to  which 
those  who  handle  it  are  exposed.  In  the  German  statistics  for  1887 
it  is  found  that  anthrax  developed  twelve  times  through  the  use 
of  contaminated  meat.  According  to  Puech,  salting  may  destroy 
virulence.  The  experiments  of  Foster  and  Freytag  contradict  this 
conclusion.  By  growing  anthrax  in  agar-agar  containing  an  excess 
of  salt  these  authors  discovered  that,  while  the  bacilli  died  in  twenty- 
four  hours,  the  spores  survived  for  several  months.  It  must  be 
remembered  that  the  milk  of  animals  infected  with  anthrax  may  con- 
tain virulent  bacteria,  as  has  been  established  by  the  researches  of 
Chambrelent,  Moussous,  and  Karlinski. 

As  regards  the  flesh  of  tuberculous  animals,  the  Congress  of  1888 
demanded  the  total  proscription  of  such  meat.  It  is  as  yet  difficult 
to  express  a  final  opinion  in  this  respect.  A  certain  number  of  con- 
tradictory experiments  have  been  reported.  Cooking  and  the  action 
of  the  gastric  juice  do  not  suffice  to  destroy  the  tubercle  bacillus. 
Finally,  although  the  microbe  is  not  present  in  the  muscles  it  is  met 
-with  in  the  glands,  and  this,  perhaps,  is  a  sufficient  reason  for  pro- 
hibiting the  consumption  of  such  meat. 

Role  of  Milk.  Since  Gerlach  recognized  that  the  milk  of  diseased 
cows  may  transmit  tuberculosis,  numerous  experiments  have  con- 
firmed his  view  and  demonstrated  the  r61e  of  this  fluid  in  the  etiology 
of  abdominal  tuberculosis  in  children  (Klebs,  Orth,  Cohnheim).  From 
a  hygienic  standpoint,  Gerhardt  published  an  extremely  interesting 
work  upon  this  subject.  Milk  purchased  in  ten  different  places  in 
Munich  did  not  transmit  tuberculosis.    On  the  other  hand,  the  milk 
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of  consumptive  cows  always  proved  virulent.  When  this  milk  was 
diluted  with  forty  to  one-hundred  volumes  of  non-infected  milk^ 
however,  it  was  rendered  harmless.  This  is  just  what  occurs  in 
dairies.  The  researches  of  Bang  demonstrated  the  presence  of  vir- 
ulent bacilli  in  butter.  Heating  of  milk  is,  therefore,  absolutely 
necessary.  In  this  connection  it  should  be  remembered  that  a  tem- 
perature of  65°  C.  (149°  F.),  and  even  70°  C.  (158°  F.),  is  not  always 
sufficient  to  destroy  pathogenic  germs.  Ingestion  of  milk  thus 
treated  has  resulted  in  the  transmission  of  the  disease  to  swine, 
while  rabbits,  which  are  less  sensitive  to  this  mode  of  infection^ 
usually  resisted  infection  (Bang). 

Since  the  milk  of  tuberculous  cows  so  often  proves  to  be  virulent, 
we  may  justly  assume  that  the  milk  of  consumptive  women  is  also 
a  source  of  danger  to  their  offspring.  Here,  perhaps,  is  a  cause  of 
infantile  tuberculosis.  We  say  **  perhaps '' for  the  reason  that  the 
results  of  experimental  researches  have  thus  far  been  negative. 
Escherich  examined  the  milk  of  women  suffering  from  pulmonary 
tuberculosis,  but  he  was  unable  to  discover  any  bacilli.  It  seems, 
however,  that  he  did  not  make  inoculation  experiments.  In  1892 
Fede  studied  the  question  more  thoroughly.^  He  injected  the  milk 
of  tuberculous  women  into  the  subcutaneous  cellular  tissue,  peri- 
toneum, and  anterior  chamber  of  the  eyes  of  rabbits  and  guinea-pigs, 
and  never  observed  the  development  of  tuberculosis.  These  results 
were  confirmed  by  Bonis.  The  experimental  inoculations  of  Bang 
were  likewise  negative.  The  author  observed  a  case  which  contra- 
dicted the  classical  opinion  and  showed  that  the  milk  of  a  con- 
sumptive may  possibly  prove  virulent.^ 

The  case  in  question  was  that  of  a  woman,  thirty-four  years  of 
age,  who  entered  the  hospital  February  16,  1896,  for  a  pharyngeal 
tuberculosis.  She  was  pregnant,  and  confinement  occurred  under 
favorable  conditions.  From  that  moment  the  symptoms  became 
aggravated,  and  the  woman  died  on  the  24th  of  March,  seventeen 
days  after  childbirth.  The  necropsy  showed  advanced  tuberculous 
lesions  in  the  lungs  and  gray  granulations  in  the  liver,  kidneys,  and 
thyroid  gland. 

Two  days  after  birth  the  child  became  jaundiced,  and  then  green 

*  W.  Vvde.  Transmissibilita  della  tuberculosi  per  lattazione.  Congresso  peiliatrico 
italiano.     (/Vnal.  in  Riforraa  la  Medica,  1892,  vol.  iv.  p.  236.) 

'  Rog<?r  et  Gamier.  Pas.sage  du  bacillc  de  Koch  dans  le  lait  d'une  femme  tubcr- 
ciileiise.     Soc.  de  biol.,  Feb.  24,  1900. 
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diarrhea  and  edema  of   the  lower  extremities  supervened.      The 
ic/ant  was  first  fed  from  the  bottle,  but  the  mother  imdertook  to 
flurse  it  when  she  observed  that  it  was  ill.    She  gave  it  her  milk  from 
the  lOth  to  the  12th  of  March.    Aggravation  of  her  condition,  how- 
ever,   prevented  her  from  further  suckling  her  offspring.    The  child 
lived    six  weeks.    At  the  necropsy  numerous  tubercles  were  discov- 
ered in  the  liver,  spleen,  kidneys,  and  mesenteric  glands.    On  his- 
tologioal  examination  of  the  liver  typical  tuberculous  granulations 
containing  Koch's  baciUi  were  foimd. 

Oa  ;aiarch  11th,  four  days  after  confinement,  two  guinea-pigs  were 
inocixlated  with  milk  taken  aseptically  from  the  mother's  breast.  One 
guinea.-pig,  weighing  440  grams,  received  4  c.cm.  of  the  milk  sub- 
cutaneously;  2  c.cm.  only  were  injected  into  the  peritoneal  cavity  of 
the  Second  guinea-pig,  which  weighed  525  grams.  The  former 
animal  died  much  emaciated  on  the  14th  day  of  April,  and  at  the 
necropsy  presented  typical  lesions  of  generalized  tuberculosis.  The 
other  animal  survived.  It  weighed  565  grams  on  April  21st,  and 
650  grams  on  June  14th.  It  presented  hypertrophied  glands  in 
the  groin,  however.  It  was  killed  on  the  28th  of  the  following 
Janu^try.  At  the  necropsy  a  fibrous  peritonitis  was  found  at  the 
pou^t.  of  inoculation.  The  intestinal  coils  were  adherent  to  each 
othei^  and  to  the  lateral  wall  of  the  abdomen.  The  omentum  was 
thiclv^ned  and  contracted,  free  from  visible  tubercles.  The  rest  of 
^"<^  ^Ixlomen  presented  no  lesions.  The  surface  of  the  liver  was 
studded  with  depressed  points  resembling  cicatrices.  Microscopic 
^xartxination  of  the  viscera  showed  no  tuberculous  granulations, 
sclerc^tic  lesions,  or  baciUi. 

^^^    the  two  guinea-pigs,  therefore,  only  one  became  tuberculous. 

^^   One  which  received  the  larger  dose  of  the  milk  developed  tuber- 

culc^j^  according  to  the  usual  mode,  and  death  occurred  in  thirty- 

tw^^  days.     The  other  animal,  which  received  half  the  amount  of 

°^^^    injected  into  the  former  animal,  survived  and  seemed  to  be  in 

^^^^llent  health  when  it  was  killed,  ten  months  after  inoculation. 

It  bi^^  not,  however,  remained  absolutely  immune.    The  injected 

"^"*^  had  not  acted  as  an  indifferent  liquid,  since  a  fibrous  peritonitis 

^^v-^j^p^j  ^^  ^}^g  point  of  inoculation,  and  thus  manifested  the  patho- 

'^^Oal  process  that  had  taken  place  there.     Moreover,  a  hypertro- 

pni^^  gland  in  the  groin  and  traces  of  cicatrices  upon  the  surface  of 

llie  \iver  proved  that  generalization  had  begun.    The  history  of  the 

^^  guinea-pig  enables  us  to  explain  the  lesions  present  in  the  second 
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animal.  In  the  former  the  quantity  of  injected  bacilli  was  large 
enough  to  overcome  the  resistance  of  the  organism,  and  tuberculosis 
was  generalized.  In  the  case  of  the  second  guinea-pig,  the  dose  being 
smaller,  infection  was  abruptly  arrested:  the  lesions  were  repaired 
and  common  cicatrices  only,  without  any  characteristic  elements,  were 
foimd. 

It  must  be  concluded  that  the  injected  milk  contained  bacilli, 
and  was,  therefore,  capable  of  transmitting  tuberculosis.  It  is  true 
the  child  was  exposed  to  sources  of  contamination  other  than  that 
of  suckling.  However,  as  the  necropsy  upon  the  child  showed  that 
the  lesions  predominated  in  the  mesenteric  glands,  liver,  and  spleen, 
it  is  probable  that  the  digestive  canal  was  the  principal  if  not  the 
only  route  of  contamination. 

Therefore,  the  milk  of  a  tuberculous  woman  may,  in  exceptional 
instances,  serve  as  a  vehicle  for  Koch's  bacillus  even  in  the  absence 
of  appreciable  tuberculous  lesions  in  the  mammary  glands. 

In  the  course  of  acute  infectious  diseases  the  milk  of  women  seems 
to  be  free  of  virulence.  The  unfavorable  results  of  artificial  feeding, 
especially  among  the  poorer  classes,  led  me  to  allow  sick  mothers  to 
nurse  their  children.  The  first  attempts  were  made  in  cases  of 
erysipelas,  the  writer  having  previously  learned  that  the  milk  con- 
tained no  streptococci.  Nine  children  were  suckled  by  the  mothers, 
three  others  were  allowed  mixed  alimentation  in  order  to  compen- 
sate for  the  diminished  amount  of  mother's  milk.  Under  these 
conditions  all  the  children  thrived. 

Suckling  was  likewise  continued  in  other  diseases.  Over  one  hun- 
dred women  suffering  from  mea.sles,  scarlatina,  mumps,  or  sore 
tliroat  nursed  their  infants.  Among  these,  two  only  contracted 
measles,  and  then  only  in  a  very  mild  form.  This  immunity  of 
infants  leads  one  to  believe  that  the  milk  contains  immunizing  sub- 
stances from  the  very  beginning  of  the  another's  illness.  Whatever 
the  correct  interpretation  of  the  fact  may  be,  the  innocuousness  of 
suckling  seems  to  be  well  established. 

Autoinfections. 

The  reality  of  morbid  spontaneousness  is  recognized  and  pro- 
claimed by  clinicians  as  is  that  of  contagion.  In  fact,  infectious  dis- 
eases are  seen  to  develop  without  anv  accidental  contamination.  Thev 
occur  under  conditions  which  preclude  the  intervention  of  external 
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germs.    When  an  individual  has  an  attack  of  pneumonia  as  the 
^^sult  of  exposure  to  cold,  we  at  times  search  in  vain  for  some  external 
origin  of  infection.    The  same  is  true  of  cases  of  sore  throat,  erysip- 
elas, osteomyelitis,  and  typhoid  fever,  in  which  the  minutest  inquiry 
and  the  most  attentive  examination  fail  to  reveal  a  focus  of  contam- 
iDation.    Therefore,  a  functional  disturbance  is  supposed  to  have 
been  produced  by  some  ordinary  cause. 
A  diametrically  contrary  view  arose  when  the  advances  of  bacte- 
riology  revealed  the  animate  agents  of  infections.    Contamination  by 
a  oertain  microbe  was  assumed  to  be  necessary  for  the  development 
of  ^very  case  of  infection  of  a  definite  character.    This  simple  theory 
wii.,s  not  in  harmony  with  clinical   observation.     The  enthusiasm 
aroused  by  new  discoveries  was  so  intense,  however,  that  the  unex- 
pl^^ined  facts  of  clinical  observation  were  unhesitatingly  denied. 

Finally,  science  has  succeeded  in  harmonizing  the  contradictory 
ai^ci  exclusive  theories.  Morbid  spontaneousness  is  again  admitted. 
I^  Tests,  however,  upon  a  new  basis.  An  infectious  disease  often 
^F>p)ears  to  be  due  to  a  series  of  microbes  which  constantly  reside 
^F>on  our  mucous  membranes  and  epidermis.  Under  normal  condi- 
^*oris  the  organism  either  does  not  permit  these  dangerous  guests  to 
P^ttetrate  into  its  interior,  or  it  rapidly  destroys  those  which  pass 
^ti^  epithelial  barriers.  When,  however,  the  organism  is  disturbed 
^^*  some  influence,  the  microbes  invade  it.  Infection  is  then  justly 
^^id  to  have  been  spontaneous — i,  e.,  to  have  developed  without  any 
^vxtward  contamination. 

Distribution  of  Microbes  within  the  Normal  Organism.  It  is 
^^adily  understood  that  microbes,  being  abimdantly  distributed 
^^ound  us,  must  necessarily  be  encountered  on  every  part  of  our 
^i^ganism  in  contact  with  the  external  world. 

-At  each  inspiration  a  certain  number  of  bacteria  are  carried  with 

^^e  air  into  the  respiratory  passages.    They  are,  however,  arrested 

^n  their  course  by  various  organs :  by  the  hair  in  the  nasal  cavities, 

^y  the  vibrotile  cilia  of  the  bronchial  mucous  membrane,  and  by  the 

^cretions,  so  that  the  air  is  often  bacteriologically  pure  in  the  pu\- 

"^onary  alveoli  and   even  in  the  bronchioles.     In  sweeping  back 

through  the  respiratory  tract  the  air  does  not  take  up  any  germs  once 

^^Posited,  since,  as  has  already  been  stated,  microbes  can  never 

'^ve  liquid  media.    The  expired  air,  therefore,  contains  no  bacteria. 

The  respiratory  apparatus  is  happily  provided  with  various  means 

^f  protection  against  microbes.    The  secretions  act  mechanically. 
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and,  so  to  speak,  wash  the  mucous  membrane.  A  certain  number 
of  bacteria  are  thus  thrown  out,  others  are  destroyed  by  the  nasal 
mucus,  which  possesses,  as  I^rmoyez  and  Wurtz  have  shown,  a  ger- 
micidal power,  viz.,  exert  a  sort  of  antiseptic  action.  The  remainder 
is  incorporated  and  devoured  by  phagocytes  which  greatly  aboimd 
in  the  pulmonary  alveoli  and  wherever  lymphoid  tissue  is  highly 
developed. 

Bacteria  are  found  in  far  larger  numbers  in  the  alimentary  canal. 
The  buccal  cavity  contains  the  most  varied  species,  among  which 
some  endowed  with  pathogenic  properties  are  almost  constantly 
present.  Such  are  the  pneimiococcus,  the  streptococcus,  and  the 
micrococcus  tetragenus.  The  gastric  juice  has  not  such  germicidal 
power  as  was  formerly  believed,  since  recent  enumerations  demon- 
strate that  this  portion  of  the  alimentary  tract  contains  large  num- 
bers of  bacteria,  even  more  than  the  duodenum. 

The  microbes  find  in  the  intestines  conditions  most  favorable  to 
their  existence.  They  are  in  nowise  disturbed  by  the  secretions 
elaborated  there,  and  they  find  an  abundant  supply  of  food.  It 
may,  therefore,  be  said  that  the  intestine  is  the  paradise  of  microbes. 
The  following  figures,  borrowed  from  the  interesting  contributions 
of  Gilbert  and  Dominici,  show  how  well  they  thrive  there:  50,000 
microbes  per  cubic  millimetre  are  found  in  the  stomach.  In  the  first 
part  of  the  duodenum  the  number  is  only  30,000  per  cubic  milli- 
metre. From  this  point  the  number  progressively  increases  until 
the  lower  portion  of  the  intestine  is  reached,  where  the  maximum 
number,  100,000  per  cubic  millimetre,  is  found.  In  the  cecimi 
another  fall  occurs,  and  throughout  the  large  intestine  the  number 
is  25,000  to  30,000  per  cubic  millimetre.  When  the  quantity  of  fecal 
matter  contained  in  the  alimentary  canal  is  taken  into  account,  the 
remarkable  total  of  411,000,000,000  of  microbes  is  reached. 

The  digestive  tract  is  protected  against  microbes  in  the  same 
manner  as  in  other  parts  of  the  organism.  The  intestinal  and  pan- 
creatic juices  and  the  bile,  though  possessing  no  germicidal  power, 
serv^e  to  sweep  away  and  expel  both  microbes  and  their  toxins. 
Those  micro-organisms  which  pass  through  the  mucous  membrane 
are  arrested  by  the  lymphoid  structures,  follicles,  and  glands  of 
Peyer,  and  by  the  numerous  leucocytes  which  are  constantly  wan- 
dering in  this  region  and  may  even  enter  the  cavity  of  the  intestine. 
Should  any  microbes  escape  these  agents  of  destruction  they  are  ar- 
rested in  the  lymphatic  glands  and  in  the  liver,  where  new  defensive 
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measuresare  united.  Should  they  pass  further,  they  reach  the  lungs, 
which  are  likewise  endowed  with  germicidal  power.  We  thus  see 
how  numerous  are  the  defenses  provided  to  antagonize  the  intestinal 
microbea,  since  the  danger  of  invasion  of  the  economy  by  resident 
microbes  is  found  especially  in  the  alimentary  canal. 

The  genito-urinary  organs  also  contain  bacteria,  at  least  m  their 
external  portions.  The  researches  of  Stroganoff,  Menge,  and  Kroe- 
nig  haw  shown  that  the  vagmal  secretion  is  richly  endowed  with 
genniddal  properties.  If  some  inoflfensive  bacterium,  such  as  the 
oacilliis  pyocyaiieus,  or  a  pathogenic  micro-organism,  such  as  the 
streptococcus  or  the  staphylococcus  aureus,  is  deposited  deep  within 
the  Tagina  they  are  soon  destroyed, 

Wtb  regard  to  the  urinary  passages,  it  is  admitted  that  bacteria 

<'o  not  ascend  the  urethra  and  never  penetrate  the  bladder,  and  since 

"*®  time  of  Pasteur  it  has  repeatedly  been  stated  that  urine  voided 

*^ptically  does  not  decompose.    Recent  researches,  however,  tend 

^o  demonstrate  that  such  is  not  always  the  case.    The  investigations 

"'  l-uatgarten,  confirmed  by  those  of  Dr.  Courtois  in  our  laboratory, 

^"OW  that  the  urine  of  healthy  individuals  frequently  contains  micro- 

"'"Kanisms,     Lustgarten  describes  eleven  species,  one  of  them  very 

P^*ililiar,  namely,  the  streptococcus  pganteus  urethne,  the  chains  of 

^*Jich  are  composed  of  several  hundreds  and  even  more  than  a  thou- 

^Id  individual  cocci.    The  length  of  the  chain  is  equal  to  five  or 

"■^  times  the  diameter  of  the  field  of  the  microscope.    This  strep- 

'^'^occus  is  not  pathogenic  for  rabbits.    Five  cubic  centimetres  of  a 

T'^Hiilloa  culture  was  injected  into  the  veins,  and  in  order  to  render 

'^  action  more  efficacious  we  at  the  same  time  introduced  1  c.em.  of 

*  ^ttrilized  culture  of  bacillus  prodigiosus.    The  result  was  negative, 

■"i*?e  the  animal  manifested  no  disturbance. 

-AntDgeiiic  Infections.    Of  the  microbes  which  are  found  in  living 

**^aBl5ms  under  normal  conditions,  some  always  remain  harmless; 

**ilers  become  pathogenic  as  soon   as  some  unfavorable  occur- 

'^t*ce  weakens  the  resistance  of  the  economy.    They  can  then  pene- 

**'^-te  l!ie  barriers  and  give  rise  to  various  lesions.    I'pon  the  skin 

*'^tJe,  (unmcles,  antlirax,  and  at  times  gangrene  or  erysipelas  appear. 

^^  the  buccopharyngeal  cavity:  anginas  and  phlegmons  of  the  tonsils, 

•"    tlie  respiratory  apparatus:  bronchites,  bronchopneumonias,  and 

Witinous  pneumonia;  in  the    intestines:  diarrhea,  either   simple, 

c^oleriform,  or  dysenteriform,  etc.,  occur.    The  microbes  may  also 

**^«otidapily  or  primarily  invade  the  organism  at  large  and  produce 
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septicemia  or  pyemia,  and  thus  give  rise  to  numerous  viscera! 
lesions. 

In  this  connection,  typhoid  fever  requires  special  consideration 
As  soon  as  an  epidemic  of  this  disease  breaks  out,  the  drinking  wate: 
is  subjected  to  minute  examination,  and  if  a  bacillus  more  or  les 
analogous  to  that  of  Eberth  is  encountered,  the  entire  etiologies 
problem  is  believed  to  be  solved.  We  are  told  that  improved  canali 
zation  and  pure  water  supply  are  the  best  means  to  overcome  j 
typhoid  epidemic,  and,  in  many  instances,  practice  has  amply  justi 
fied  this  theory. 

Some  epidemiologists,  however,  refuse  to  accept  a  theory  so  exclu 
sive.  The  penetration  of  the  bacillus  into  the  organism  does  no 
seem  to  them  sufficient  to  elucidate  the  etiology  of  typhoid  fevei 
Army  physicians,  who  are  usually  in  a  position  to  follow  the  cours 
of  epidemics,  constantly  protest  against  the  exaggerations  of  som 
authorities. 

Dr.  Arnold  in  an  article  in  the  Dictionnaire  encydopMiquey  and  Di 
Kelsch,*  in  his  treatise  on  epidemiology,  seem  to  have  gone  to  th 
root  of  the  question. 

In  view  of  the  great  readiness  with  which  typhoid  fever  makes  it 
appearance  as  a  result  of  overwork,  and  especially  under  condition 
of  overcrowding,  such  as  exists  in  the  case  of  armies  in  camp,  it  ma 
well  be  questioned  whether  man  does  not  carry  within  himself  th 
germ  of  the  disease,  and  whether  external  contamination  is  reall 
necessary. 

Kelsch^  fully  demonstrates  that  the  r61e  of  overfatigue  and  ( 
crowding  are  potent  etiological  factors.  These  bring  in  their  trai 
contamination  of  the  soil  and  water.  Typhoid  fever,  therefore 
invariably  appears  in  camps,  and  particularly  in  permanent  camp 
at  the  end  of  five  or  six  weeks,  when  the  men  are  exhausted  by  ovei 
w^ork.  It  may  be  objected,  however,  that  some  of  the  men  were  sic 
when  they  left  the  city,  or  that  the  disease  was  in  the  stage  of  inci 
bation.  It  is  necessary,  however,  to  pile  up  a  good  deal  of  the  ma 
hypothetical  reasoning  in  order  to  support  the  dogma  of  morbi 
specificity.  The  etiology  becomes  singularly  simplified  and  ration: 
when  the  malady  is  attributed  to  endogenic  origin,  that  is  to  aut< 
infection,  or,  in  other  words,  when  it  is  assumed  that  men  carry  tl 
germs  of  the  malady  in  the  form  of  saprophytes,  and  that  overworl 

*  Kelsch.    Traitd  des  maladies  6piddiniqucs,  Paris,  1894.  '  Ibid. 
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by  diminishing  their  vital  existence,  permits  the  transformation  of 
these  saprophytes  into  pathogenic  agents. 

Admitting,  however,  that  an  animate  agent  is  indispensable  for  the 
production  of  an  infectious  disease,  and  that  there  are  two  orders 
of  microbes — specific  and  non-specific — the  question  arises :  to  which 
order  does  the  microbe  of  typhoid  fever — Eberth's  bacillus — belong? 

Most  bacteriologists  answer  that  it  belongs  to  the  specific  order. 

Drs.  Rodet  and  Roux  have  advanced  a  contrary  opinion.    According 

to  them  the  typhoid  bacillus  is  but  a  variety  of  colon  bacillus.    As 

is  known,  this  theory  provoked  a  great  deal  of  controversy.    In  fact, 

confidence  was  gradually  lessened  as  to  the  destructive  character  of 

Eberth's  bacillus,  as  the  latter  was  proved  to  have  no  absolute  value. 

Most  recent  researches,  however,  have  furnished  a  new  method  for 

recognizing  the  typhoid  bacillus.    The  serum  of  an  animal  that  has 

b^n  vaccinated  against  a  duly  verified  specimen  of  this  microbe  is 

employed  and  its  agglutinating  action  noted  upon  the  bacillus  which 

is  to  be  identified.    By  the  employment  of  this  method,  which  seems 

to  be  unassailable,  Drs.  Remlinger  and  Schneider^  demonstrated  the 

presence  of  the  typhoid  bacillus  in  water  obtained  far  from  epidemic 

'^i,  in  the  soil,  and,  what  is  of  far  greater  consequence,  in  the  ali- 

nientary  canal  of  individuals  free  from  typhoid  fever.    The  last  fact 

IS,  as  has  been  said,  of  considerable  interest,  since  it  explains  pre- 

^ously  obscure  facts  and  harmonizes  bacteriology  and  epidemiology. 

^^-  Kelsch  is,  therefore,  right  in  stating,  according  to  the  data  of 

^"nical  observation,  that  typhoid  fever  may  be  produced  by  germs 

^^'"ried  in  our  bodies  and  which,  although  harmless  saprophytes 

^(ler  ordinary  conditions,  temporarily  manifest  virulent  functions 

^^Jer  the  influence  of  marked  violations  of  hygiene,  notably  pro- 

*^^ged  fatigue,  defective  regimen,  ordinary  pollution  of  water — all 

^'^^Urnstances  which,  by  virtue  of  their  combination,  are  so  powerful 

'^  ^i^ating  a  putrid  state  in  the  internal  medium.^ 

^Uch  is  the  rational  conception  which  we  may  at  present  form  with 
^g^T-d  to  the  etiology  of  typhoid  fever.  It  is  the  \'iew  which  I  have 
^nrocated,  in  a  study  made  some  years  ago.'  These  ideas,  Avhich 
^^''^  described  in  detail  by  Dr.  Bourgeois,*  aroused  bitter  criticism. 

^^•^mlinger  et  Schneider.    Contribution  a  T^tude  du  bacille  typhique.    Ann.  de  I'ln- 
*'^*^^^  Tastcur,  January,  1897. 
*^elsch.     Loc.  cit.,  p.  453. 
*^oger.    Etioloflie  et  pathog^nie  de  la  fiftvre  typhoide.    Prcssc  m^dicale,  Marcli  17, 

*  bourgeois.    Etiologie  et  pathog^nie  de  la  fi^vre  typhoide.    Thftse  de  Paris,  1894. 
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The  discovery  of  Drs.  Remlinger  and  Schneider  demonstrates  beyond 
all  doubt  the  truth  of  the  view  to  which  I  was  led  by  an  impartial 
study  of  typhoid  epidemics. 

The  Autogenous  Origin  of  Various  Specific  Infections.  Among 
other  diseases  which,  perhaps,  at  times  appear  spontaneously,  diph- 
theria should  first  be  mentioned.  Bacteriology  has  already  estab- 
lished the  presence  in  the  mouth  of  a  bacillus  analogous  to  that 
discovered  by  Loeffler.  Does  this  non-virulent  pseudodiphtheria 
bacillus  represent  an  attenuated  variety  or  a  distinct  species? 
This  is  an  important  and  as  yet  unsolved  problem.  Likew^ise  the 
spontaneous  origin  of  gonorrhea  cannot  be  admitted  except  with 
the  greatest  reservation,  viz.,  its  appearance  in  the  absence  of  sexual 
intercourse,  as  in  the  well-known  observation  of  Straus. 

It  may  be  asked  whether  the  germs  of  the  eruptive  fevers  are  not 
often  present  in  the  bodies  of  healthy  individuals.  My  personal 
statistics,  covering  304  cases  of  measles,  340  of  scarlatina,  69  of 
varicella,  and  38  of  variola,  show  that  in  a  great  nimiber  of  cases 
the  minutest  inquiry  fails  to  reveal  any  mode  of  contamination. 
We  merely  present  the  question  of  the  autogenous  origin  of  these 
various  affections.  A  decision  must  be  reached  through  bacterio- 
logical investigation.  In  the  case  of  eruptive  fevers  it  may  be  as- 
sumed that  the  mode  of  contamination  is  so  often  undiscoverable 
because  their  germs  are  perhaps  widely  distributed  and  because 
some  of  these  fevers,  particularly  measles,  are  contagious  in  the 
prodromic  stage,  previous  to  all  serious  manifestations,  when  con- 
tact is  scarcely  noticed. 

Auxiliary  Causes  of  Infections. 

Meteorological  and  Seasonal  Influences.  The  rdle  of  cosmic 
influences  has  at  all  times  been  accepted.  This  is  evidently  due  tc 
the  fact,  which  is  open  to  popular  observation,  that  the  frequency 
of  infections  is  subject  to  quite  regular  oscillations  each  year.  The 
accompanying  table  gives  a  rcsum^  of  my  personal  statistics,  and 
shows  plainly  that,  each  year,  infectious  morbidity  runs  nearly  a 
parallel  course.  The  minimum  is  observed  in  October  and  Novem- 
ber. Then  follows  an  increase  which  reaches  the  maximum  in  the 
spring,  from  April  to  June  or  July.  The  figures  of  each  year  are 
almost  the  same.  It  is  to  be  noted  that  measles  appears  earlier  in 
the  year  than  scarlatina,  and  reaches  the  highest  point  in  April  and 
May.    On  the  other  hand,  scarlatina  increases  until  June.    Although 
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pronounced,  variations  of  anginas  of  diphtheritic  or  other  type 
,  nevertheless,  clear. 


Meaales, 

1896 

1897 

1898 

1899 

1900 

Total. 

Number  of  cases  observed  . 

304 

379 

398 

366 

370 

1817 

Caaes  with  contagion  . 

79 

83 

74 

89 

63 

388 

Percentage 

25.1 

21.8 

18.5 

24 

17 

21.3 

Percentage  in  men 

19.5 

18.3 

10.8 

21 

13 

17.6 

**                 women 

30.4 

21.6 

29.6 

24 

17.6 

26.2 

"                  the  newborn 

31.9 

27.9 

20 

26.7 

25 

26.8 

SeaHatina. 

Number  of  cases  observed   . 

340 

161 

496 

779 

437 

2213 

Cases  with  contagion  . 

53 

18 

75 

174 

53 

373 

Percentage 

15.5 

11.1 

15.1 

22.3 

12  1 

16  8 

Percentage  in  men 

8.6 

6.2 

9.7 

16 

12.6 

12.5 

**                  women 

21.1 

14.4 

19 

25 

13.8 

20.1 

Variedla. 

Number  of  cases 

69 

52 

45 

32 

117 

315 

Qtaes  with  contagion  . 

23 

14 

9 

1 

44 

91 

Percentage 

33.3 

26.9 

20 

3.1 

37.6 

28.8 

Vioriola. 

Number  of  cases 

38 

20 

2 

1 

928 

989 

Caaes  with  contagion  . 

14 

8 

1 

1 

246 

270 

Percentage 

36.8 

40 

50 

100 

26.5 

27.3 

"The  greatest  number  of  cases  of  this  kind  are  observed  in  May  and 
le.  It  is  to  be  noted  also  that  mumps  is  particularly  prevalent 
^^^  -\pril  and  May,  and  seldom  occurs  during  the  months  of  October 
^*^^  <d  November. 

^Mii  this  connection  smallpox  is  a  remarkable  exception.    The  cases 
c?ur  with  nearly  the  same  frequency  throughout  the  year. 
In  the  author's  table  the  figures  for  erysipelas  are  those  of  the  year 
only.    The  variations  here  shown,  however,  are  entirely  com- 
'Xable  to  those  occurring  in  the  eruptive  fevers. 
The  influence  of  seasons  is  doubtless  ascribable  to  manifold  causes : 
tl^^rmometric,  barometric,  and  hygrometric  variations,  the  action 
of  the  sun,  rain,  wind,  and  thimder-storms,  and  the  role  of  ozone  are 
c^xises  readily  perceived.     Do  these  influences,  however,  affect  the 
ttiorbid  germs  or  the  higher  organisms?     Both  hypotheses  have 
^<l\ially  competent  defenders.     It  seems  that  the  lower  the  animal  or- 
ganism, the  better  it  resists  cosmic  variations.    Variations  in  pressure 
^nd  temperature  which  would  rapidly  kill  a  mammalian  act  indif- 
ferently upon  bacteria.    It  is  more  likely,  therefore,  that  the  recep- 
^^^ty  of  the  human  organism  is  modified  by  disturbing  meteoric 
^^^ises.    It  is  difficult,  however,  to  further  elucidate  this  rather  vague 
Problem.    All  that  can  be  added  is  the  fact  that  respiratory  disturb- 
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ances  are  especially  frequent  when  variations  of  temperature  occur 
and,  principally,  in  the  spring.  Thoracic  complications  in  the  course 
of  infections  such  as  erysipelas  and  variola  are  almost  always  ob- 
served during  the  period  from  the  month  of  March  to  the  month  of 
May.  On  the  other  hand,  heat  favors  the  genesis  of  gastrointestinal 
affections. 

After  the  monthly  variations,  those  embracing  longer  periods  must 
be  considered.  Variations  in  the  cases  of  smallpox  may  be  due  to 
negligence  in  the  matter  of  vaccination.  It  is  difficult,  however,  to 
account  for  the  changes  occurring  in  a  disease  Uke  scarlet  fever. 
A  tabulation  of  our  cases  from  1896  to  1900  shows  the  number  of 
cases  increasing  progressively  from  161  to  496,  reaching  a  maximum 
of  779,  and  then  suddenly  declining  to  437.  It  is  curious  to  note 
that  the  variations  in  anginas  correspond  exactly  to  those  occurring 
in  scarlatina.  The  eminent  r61e  of  sore  throat  in  the  symptoma- 
tology of  scarlatina  lends  a  certain  interest  to  this  parallelism. 
Measles,  on  the  contrary,  presents  almost  no  variation.  On  an 
average,  we  receive  from  360  to  380  cases  annually.  As  in  the  case 
of  frequency,  the  gravity  of  cases  imdergoes  periodical  variations. 
The  history  of  scarlatinal  epidemics  observed  in  England  and  of 
epidemics  studied  by  Bretonneau  in  Tours  clearly  demonstrates  this. 

The  influence  exerted  by  climate  is  still  more  marked  than  in  the 
case  of  seasons.  There  are  countries  in  which  certain  infectious  dis- 
eases cannot  become  acclimated.  Yellow  fever,  which  claims  so 
many  victims  in  certain  portions  of  the  new  world,  seldom  appears 
on  the  old  continent. 

In  this  respect  the  sanitary  conditions  of  a  country  are  of  the 
greatest  importance.  The  number  of  infectious  cases  has  consid- 
erably diminished  since  the  advance  of  disinfection,  the  creation  of 
special  hospitals  for  the  isolation  of  contagious  cases,  and  the  im- 
provement of  drinking  wat^r.  Even  typhoid  fever  is  at  present  less 
frequent. 

Influence  of  Race  and  of  Family.  Morbid  receptivity  varies  con- 
siderably in  different  races.  The  negroes  are  immune  from  certain 
infections,  such  as  yellow  fever,  and  very  seldom  suffer  from  ma- 
laria.    On  the  other  hand,  they  are  very  susceptible  to  tetanus. 

The  yellow  race  is  predisposed  to  variola,  which  prevails  in  China 
in  an  endemic  form. 

Acute  articular  rheumatism  is  confined  almost  exclusively  to  the 
Caucasian  race. 
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If  we  pass  from  race  to  family  we  encounter  analogous  facts. 
Tlere  are  families  particularly  sensitive  to  tuberculosis,  or  diphthe- 
ria, or  erysipelas.    From  this  point  of  view  I  have  questioned  956 
fflen  and  1044  women  suffering  from  erysipelas.    Many  of  them  were 
incapable  of  giving  any  information.    Taking  into  account,  however, 
the  accurate  replies,  I  find  that  erysipelas  existed  in  the  families  of 
94  oxen  and  110  women,  which  gives  a  ratio  of  9.8  per  100  for  the 
ioTTfx^Y  and  10.5  for  the  latter.    Simple  coincidence  does  not  ade- 
quate^ly  account  for  so  high  a  proportion.    Moreover,  our  figures  are 
belo^^%^  the  actual  number,  as  many  patients  were  unable  to  state 
whet:  tier  their  parents  had  ever  had  an  attack  of  erysipelas.    The 
foUo^ving  table  gives  the  family  history  of  this  affection  and  shows 
that,     in  many  instances,  the  parents  had  several  attacks  and  the 
"^^J^^y  ran  through  several  generations : 


Father 

Mother 

Father  and  mother 

Grandmother 

Grandmother  and  father 

Grandmother  and  mother 

Brother  or  sister 

Father  and  brother 

Mother  and  sister 

Uncle  and  aunt  . 

Children 


Parents  having  erysipelas 

Once 

Several  times 

21 

8 

54 

37 

2 

3 

7 

11 

7 

2 

7 

3 

22 

17 

22 

1 

3 

1 

4 

5 

3 

6 

152 


93 


the  majority  of  cases  contagion  is  not  to  be  thought  of,  for  the 
chilcixen  were  either  far  removed  from  the  parents  or  erysipelas 
api>^^ijed  after  the  death  of  the  latter.    One  of  the  most  curious 
obs^^;^^rj^^jQj^  jjj  l^l^jg  respect  is  that  of  a  man,  fifty-five  years  of  age, 
who^e  mother  had  experienced  twelve  attacks  of  erysipelas.    He, 
hiiru^jf^  was  suffering  from  his  fourteenth  attack,    \^^lile  he  was 
un(X^r  treatment  in  our  wards,  his  son,  who  was  enlisted  in  a  regi- 
°^^^^t  of  dragoons  in  Sedan  and  had  not  seen  his  father  for  over  six 
°^^^^ths,  had  his  first  attack  of  facial  erysipelas.    On  other  occasions 
I  ot>^erved  two  sisters  who,  although  not  residing  together,  synchro- 
nou^ly  contracted  facial  erysipelas,  and,  what  was  more  curious,  the 
afi^c^tion  assumed  a  wandering  course  in  both,  and  invaded  the 
g^^ter  part  of  the  trunk. 
^t  seems  that  the  streptococcus,  like  many  other  microbes,  finds 
\^  Certain  families  a  soil  particularly  favorable  for  its  development. 
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Individual  Immunity  and  Predisposition.  There  are  numerous 
individual  variations;  some  persons  have  often  exposed  themselves 
to  contagion,  even  to  vaccination,  without  being  contaminated.  A 
great  number  of  cases  have  been  reported  m  which  vaccination  has 
not  taken.  The  same  thing  is  at  tunes  observed  m  laboratories. 
One  animal  resists,  while  others,  apparently  similar,  placed  under 
identical  conditions  and  inoculated  in  the  same  manner,  die  without 
exception. 

In  some  cases,  insensible  gradual  vaccination  may  accoimt  for 
individual  immunity.  The  natives  of  Paris,  for  instance,  do  not,  as 
a  rule,  contract  typhoid  fever,  which  does  not  spare  all  individuals 
arriving  from  the  country.  The  reason  is  that  Parisians  from  their 
infancy  have  been  little  by  little  impregnated  with  the  germ.  Thus 
becoming  gradually  habituated,  they  have  either  suffered  no  distur- 
bance or  manifested  symptoms  too  mild  and  vaguely  characterized 
to  be  traced  to  their  true  course. 

Insensible  vaccination  also  explains  the  disappearance  of  epi- 
demics. If,  at  a  given  time,  the  cases  diminish  in  number  and  sever- 
ity, this  is  due  to  the  fact  that  the  population  has  slowly  been 
subjected  to  insensible  vaccination.  The  immunity  of  physicians  is 
due  to  no  other  cause. 

The  fact  that  an  infection  loses  its  gravity  in  the  course  of  cen- 
tiuies,  or  acquires  unusual  malignancy  when  it  invades  a  people  imtil 
then  immune,  may  be  attributed  to  an  analogous  process.  The 
epidemics  of  measles  in  the  Faroe  Islands  clearly  illustrate  this  fact. 
The  disease  was  imported  into  these  islands  in  1846.  Of  the  7782 
inhabitants,  6000  were  attacked,  the  aged  alone  being  spared.  In 
1875  the  same  malady  invaded  the  Fiji  Islands  and  killed  40,000 
persons  out  of  a  population  of  150,000. 

Influence  of  Age,  Sex,  and  Accidental  Disturbances.  Morbid 
aptitude  varies  considerably  with  age.  During  intrauterine  life  the 
fetus  is  exposed  to  some  diseases  the  germs  of  which  are  transmitted 
through  the  placenta.  At  the  time  of  birth  the  individual  offers 
sufficient  resistance  to  the  majority  of  infections;  vaccination  does 
not  take,  eruptive  fevers,  as  well  as  typhoid  fever  and  diphtheria,  are 
altogether  exceptional.  On  the  other  hand,  erysipelas,  which  is  gen- 
erally locaUzed  in  the  navel  and  almost  invariably  proves  fatal,  is 
very  readily  contracted  by  the  newborn. 

Infectious  diseases  are  frequent  during  childhood.  At  this  epoch 
of  life  the  tissues  are  particularly  apt  to  permit  the  development  of 
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parasites.     Pityriasis,  for  instance,  does  not  thrive  in  the  aged,  and 
spontaneously  disappears  with  the  advance  of  years. 

The  frequency  of  infections  diminishes  with  age.    In  the  aged 

scfi.rcely  any  other  disorders  than  vesical  infections  and  pneumonia 

occur.    Does  the  inmiunity  of  old  age  depend  upon  previous  diseases 

and  insensible  vaccination?    Not  altogether.     A  certain  influence 

mixst  be  attributed  to  the  modifications  produced  in  the  chemical 

constitution  of  the  tissues  and  humors.    This  is  proved  by  the  fact 

that  when  measles  invaded  the  Faroe  Islands  only  the  aged  were 

spared  by  the  disease,  which  was  imknown  up  to  that  time. 

The  influence  of  sex  is  no  less  interesting.  It  seems  that  women 
are  predisposed  to  the  infections  of  childhood  for  a  longer  period  than 
'^en.  The  eruptive  fevers,  which  are  quite  rare  among  men  after 
the  age  of  twenty  years,  are  frequently  observed  among  women 
^tween  twenty-five  and  thirty  years  of  age. 

The  following  table  presents  the  results  of  my  personal  observa- 
'005  from  this  point  of  view: 


Measles. 

Men. 

Women. 

Total 

^^ore  2 

3rearB 

>                   •                   •                   ■ 

160 

194 

354 

2  to  14  years 

119 

122 

241 

I6to20 

•                    •                    • 

300 

224 

524 

2l  to25 

It 

•                    •                    i 

128 

247 

375 

%to30 

it 

■                    •                    1 

•                   •                   < 

82 

120 

202 

3l  to35 

it 

38 

42 

80 

36  to  40 

1* 

•                             •                             a 

13 

16 

29 

-11  to  45 

•                              •                              ■ 

4 

5 

9 

-*€to50 

It 

•                              •                               • 

1 

1 

2 

^1  to  60 

tt 

•                            «                              • 

1 

•   • 

1 

Total 

•                              •                              ■                              • 

846 

971 

1817 

Adult ji  above  15  years 

567 

655 

1222 

Scarlatina. 

Men. 

Women. 

Total. 

Before  2 

years 

29 

27 

56 

2  to  14  x'ears 

.     228 

202 

430 

15  to  20 

tt 

.     388 

369 

757 

21  to  25 

tt 

.     167 

338 

505 

26  to  30 

It 

85 

167 

252 

31  to  35 

It 

44 

82 

126 

36  to  40 

It 

19 

29 

48 

41  to  45 

tt 

9 

8 

17 

46  to  50 

It 

4 

8 

12 

51  to  60 

It 

2 

8 

10 

Total 

•                   •                   • 

.     975 

1238 

2213 

Adults  above  15  3rear8 

.     718 

1009 

1727 
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Varicella. 

Men. 

Women. 

Total, 

Before  2 

years        ..... 

57 

46 

103 

2  to  14  years         ..... 

69 

54 

123 

15  to  20 

18 

16 

34 

21  to  25 

17 

10 

27 

26  to  30 

8 

6 

14 

31  to  35 

4 

3 

7 

36  to  40 

2 

2 

4 

41  to  45 

•                •    • 

2 

2 

46  to  50 

1 

■   • 

1 

Total 

.      176 

139 

315 

Adult«  above  15  years   .          .          .          . 

50 

39 

89 

Variola. 

Men, 

Women. 

Total 

Before  2 

years 

20 

12 

32 

2  to  14 

i 

yrears        ..... 

40 

22 

62 

15  to  20 

n 

88 

59 

147 

21  to  25 

4t 

80 

105 

185 

26  to  30 

It 

50 

105 

155 

31  to  35 

11 

56 

71 

127 

36  to  40 

** 

45 

55 

100 

41  to  45 

it 

27 

28 

55 

46  to  50 

it 

22 

24 

46 

51  to  60 

•                    «                    •                    •                    • 

20 

29 

49 

61  to  91 

1           ..... 

16 

15 

31 

Total 

.     464 

525 

989 

Adults  above  15  vears 

.     404 

491 

895 

These  figures  show  the  influence  of  sex  and  age  upon  the  frequency 
of  the  eruptive  fevers.  From  fifteen  to  twenty  years  of  age  measles 
and  scarlatina  are  more  frequent  among  men  than  women.  At 
twenty  they  undergo  a  sudden  fall  in  the  male  sex,  while  among 
women  they  remain  at  a  very  high  level. 

The  study  of  variola  shows  plainly  the  beneficial  influence  of  vac- 
cination. Children  are  not  frequently  attacked.  The  disease  in- 
creases after  the  age  of  fifteen  years.  The  maximum  for  men  is 
reached  from  fifteen  to  twenty  years  of  age.  Among  women  the 
frequency  increases,  exceeds  that  of  the  other  sex,  and  remains  high 
from  twenty-one  to  thirty  years  of  age. 

The  variations  according  to  sex  are  less  marked  for  the  other 
infections.  Thus,  the  author  found  that  134  men  and  122  women 
were  attacked  by  diphtheria,  and  385  men  and  407  women  by 
anginas.  According  to  the  author's  statistics,  mumps  seems  to  be 
more  frequent  among  men  than  women,  as  he  has  found  170  of  the 
former  and  only  65  of  the  latter  affected  with  this  disease.  This 
result  is  probably  due  to  the  greater  gravity  of  the  disease  in  men 
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and  to  the  frequency  of  orchitis  which  compels  them  to  enter  the 
hospital. 

The  different  acts  of  genital  life  invest  feminine  pathology  with  a 
peculiar  character.  Menstruation  may  be  an  occasional  cause  of 
infectious  manifestations.  Such,  especially,  is  the  case  in  erysipelas, 
aa  attack  of  which  may  attend  each  period.  Certain  women  thus 
experience  fifty  and  sixty  relapses. 

Pregnancy  may  modify  the  course  of  certain  infections.  Not  infre- 
<liieiitly  tuberculosis  seems  to  be  arrested  and,  after  confinement,  the 
disease  assumes  a  more  rapid  course.  It  is  hardly  necessary  to  refer 
t^  the  frequency  of  puerperal  infections.  In  this  case,  however,  the 
diseases  present  nothing  special.  The  puerperal  woman  is  in  the 
sa.n>e  situation  as  a  wounded  one. 

-AJl  violations  of  the  laws  of  hygiene  predispose  to  infections.    The 
^c>xJous  effects  of  overcrowding  have  already  been  referred  to.    The 
^flxience  of  previous  diseases  is  well  known.    Some  of  them  predis- 
pose to  infections.    Diabetes  favors  the  development  of  pyogenic 
°^*^orobes  and  of  the  tubercle  bacillus.    Pneumonia,  erysipelas,  and 
™^\iinatism,   far  from   conferring  immunity,   predispose   to   new 
^^  t-acks.    As  a  rule,  however,  infections  create  a  refractory  state  and 
PJ*^vent  future  attacks.    It  is  well  to  add,  however,  that  immunity 
^   in  no  case  absolute  except,  possibly,  in  syphilis. 

-Among  causes  which  lessen  individual  resistance,  the  influence  of 
f  ^ti^mal  agents  is  of  chief  importance.  Serious  traumatism,  crush- 
"^Ss,  and  extensive  contusions  diminish  considerably  the  resistance 
^    invasion  by  microbes. 

The  action  of  cold  and  heat  is  very  complex,  for  they  do  not  act 
^^^rnply  by  modifying  the  temperature  of  the  body.  The  fact  that 
^*>ickens,  which  are  naturally  immune  to  anthrax,  contract  this  infec- 
tion when  they  are  exposed  to  cold,  and  that,  on  the  contrary,  frogs 
^^^s^  their  inmaunity  when  exposed  to  high  temperatures,  is  not  due 
t^^  modifications  of  the  organic  temperature  thus  produced  in  these 
^^imals.  In  reality  the  phenomena  are  more  complex.  When 
^*^ickensare  exposed  to  cold  and  frogs  to  heat,  nutrition  is  disturbed; 
t  *^e  life  of  the  cells,  and  consequently  the  constitution  of  the  humors, 
^^  altered ;  the  heart,  the  nervous  system,  and  the  leucocytes  are  acted 
^I>on.  Abolition  of  immunity  is,  therefore,  the  result  of  manifold 
^^ctors. 

Action  of  Poisons  upon  Infections.    A  great  number  of  poisons 
^^itninish    the    resistance    of    the  organism  to  infectious    agents. 
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Seeck  noticed  that  various  parasites  developed  upon  the  skin  of  frogs 
treated  with  metallic  poisons.    Some  of  the  lesions  observed  in  tho 
course  of  intoxications  are  in  reality  due  to  secondary  infectioix- 
Such  is  the  case  in  mercurial  stomatitis  or  enteritis.    The  mercury 
during  elimination  by  the  mucous  membranes  denudes  the  latter  of 
their  epithelium  and  prevents  them  from  resisting  invasion  by  th^ 
numerous  microbes  swarming  upon  their  surfaces.    It  is,  therefore^ 
conceivable  that  mercurial  stomatitis  may  be  contagious,  as  in  ar*- 
observation  of  Diday,  which  illustrates  in  a  striking  manner  th^ 
increased  virulence  which  the  buccal  microbes  may  acquire  in  th^ 
course  of  intoxications. 

Poisons  favor  infection  in  two  principal  ways:  in  some  instances 
they  produce  local  lesions  which  weaken  the  resistance  of  the  tissues 
into  which  the  poisons  are  introduced;  in  other  cases  they  give  rise 
to  general  disturbances  of  the  economy,  which  abolish  its  immunity. 
As  an  example  of  the  former  mechanism,  we  may  cite  the  action  of 
lactic  acid,  which,  when  injected  into  the  muscles  of  a  rabbit,  renders 
this  animal  incapable  of  resisting  symptomatic  anthrax.  Other  sub- 
stances, such  as  acetic  acid,  potassium  acetate,  and  alcohol,  produce 
similar  effects.  Many  antiseptic  substances  act  in  the  same  way. 
Hence,  the  increasing  tendency  to  substitute  asepsis  for  antisepsis 
in  surgical  practice  or  to  utilize  less  energetic  substances,  such  as 
boric  acid. 

In  other  instances  the  process  is  one  of  general  intoxication,  affect- 
ing probably  the  nervous  system.  Thus  Platania  demonstrated  that 
alcohol  and  chloral  favor  the  development  of  anthrax  in  naturally 
immune  animals,  such  as  the  dog,  the  pigeon,  and  the  frog.  Wagner 
verified  the  fact  by  inoculating  anthrax  into  chickens  treated  with 
chloral. 

Influence  of  Autoinfections.  A  last  group  of  poisons  favoring 
invasion  by  bacteria  is  represented  by  substances  which  originate 
within  the  organism  itself.  Such  occurs,  for  instance,  in  overworked 
animals ;  the  toxins  produced  under  these  conditions  favor  the  multi- 
plication of  attenuated  viruses  or  the  entrance  of  the  numerous  bac- 
teria normally  inhabiting  the  intestine.  Diabetes  and  glycosuria 
likewise  induce  infection  as  a  result  of  chemical  modifications.  This 
result,  which  has  long  been  recognized  by  chemical  observers,  was 
experimentally  verified  by  Bujwid,  who  injected  sugar  into  inocu- 
lated animals,  and  by  Leo,  who  administered  to  them  phloridzin. 
In  both  instances  infection  was  facilitated  or  rendered  graver. 
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Certain  organic  lesions  probably  act  by  disturbing  the  chemical 
)iistitution  of  the  organism.  Neumann  demonstrated  that  the 
jvelopment  of  the  streptococcus  may  be  favored  by  altering  the 
inction  of  the  liver,  by  modifying  the  alkalinity  of  the  blood,  by 
roducing  lesions  in  the  kidney,  or  by  ligating  the  lower  part  of  the 
itestine.  In  all  these  cases  there  is  either  excessive  production  of 
)xic  substances  or  insuflficient  elimination. 

Finally,  microbes  create  morbid  dispositions  and  favor  the  devel- 
pment  of  secondary  infections  through  the  toxic  substances  which 
hey  secrete.  This  fact  will  again  be  referred  to  when  treating  of 
norbid  associations. 

Inflaence  of  Fasting.    This  influence  was  known  to  the  ancients, 
ance  epidemics  following  famines  leave  no  doubt  as  to  their  con- 
nection as  cause  and  effect.    Likewise,  the  frequency  of  infections, 
from  tuberculosis  to  gangrene,  in  patients  who  cannot  be  nourished, 
is  a  fact  open  to  popular  observation.    The  experiments  of  Canalis 
and  Morpurgo  demonstrated  the  role  of  starvation  in  this  respect. 
The  resistance  of  the  organism  is  reduced  not  simply  by  suppression 
of  aUmentation,  but  also  by  insufficiency  or  bad  quality  of  food. 
The  influence  of  such  conditions  was  well  observed  by  clinicians, 
notably  with  reference  to  tuberculosis.    The  method  of  treatment 
by  overfeeding  consumptives  is  the  opposite  of  the  mentioned  con- 
ditions.   Analogous  results  are  observed  in  experimental  medicine. 
I  have  discovered  that  rabbits,  when  abundantly  nourished,  fre- 
quently resist  inoculation  of  variola  pus  or  culture,  while  similar 
animals  receiving  ordinary  rations  succmnb  to  this  affection.    This 
observation  led  us  to  nourish  patients  suffering  from  smallpox,  and 
^th  satisfactory  results. 

The  results  are  altogether  different  when  we  operate  upon  animals 
^hich,  after  having  been  subjected  to  a  sufficiently  long  period  of 
starvation,  have  again  been  supplied  with  their  ordinary  food  for 
several  days.^  Under  these  conditions  the  resistance  is  increased  to 
*  ^niarkable  degree,  at  least  with  regard  to  the  colon  bacillus.  It 
^ould  not  be  correct  to  generalize  the  results  which  we  have  obtained 
^^th  the  latter  microbe,  which  is  the  only  one  with  which  we  have 
thus  far  experimented. 

^6  starved  five  rabbits  for  five  to  seven  days  and  then  fed  them. 
^^  to  eleven  days  later  we  made  intravenous  injections  of  B.  coH 

'^r  et  Jo6u4.     Influence  de  llnanition  sur    la  resistance  &  I'infection  coliba- 
cilUire.  Soc.  de  biologie,  July  7,  1900. 
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into  them,  as  well  as  into  control  animals  of  equal  or  greater  weig 
At  this  time  the  animals  which  had  been  subjected  to  fasting  I 
grown  fat,  but  had  not  yet  recovered  their  former  weight.    Of  th 
five  animals,  only  one  died,  five  days  after  the  inoculation.    Of 
five  control  animals,  only  one  survived. 

It  may  be  asked  whether  fasting,  as  prescribed  by  certain  religi< 
rites,  is  not  of  greater  hygienic  importance  than  is  beUeved,  s 
whether  the  modifications  produced  by  fasting  do  not  Sm 
strengthen  the  defensive  means  of  the  organism. 

Influence  of  Fatigae  and  Overworic.  The  accidents  follow 
excessive  fatigue  have  long  held  the  attention  of  observers.  Fatij 
diminishes  the  resistance  to  microbic  diseases.  If  it  is  not  pem 
sible  to  believe,  as  did  the  ancient  veterinarians,  that  fatigue  suflB 
of  itself  to  create  glanders  and  anthrax,  it  may  be  admitted  that 
favors  or  aggravates  the  development  of  these  maladies.  This 
clearly  seen  from  the  interesting  observations  collected  by  Solow 
concerning  both  man  and  the  horse.  Clinical  facts,  however,  are 
very  complex  that  it  is  impossible  to  define  the  r61e  of  fatigue.  1 
infectious  diseases  developing  in  army  camps  are  not  altogether  c 
to  the  excessive  work  imposed  upon  the  soldiers.  The  emotions,  i 
privations,  the  crowding,  and  other  bad  hygienic  conditions  m 
also  be  taken  into  account.  \Vc,  therefore,  thought  it  well  to  trans 
the  question  to  experimental  groimd,  and  with  this  end  in  view, 
pursued  a  certain  number  of  researches  upon  animals.^ 

A\'e  fatigued  various  animals — guinea-pigs,  rabbits,  white  n 
cats,  (logs — and  determined  the  influence  of  overwork  upon 
results  of  inoculations.     For  this  purpose  we  used  the  anthrax  ba 
lus  and  the  bacillus  of  symptomatic  anthrax. 

General  fatigue  induced  in  animals  inoculated  either  with  anth: 
bacillus  or  the  bacillus  of  symptomatic  anthrax  favors  considera 
the  develoi)ment  and  generalization  of  infections.  The  overworl 
animals  invarial)ly  died  before  those  left  at  rest.  Quite  often  tl 
succumbed  while  the  latter  resisted.  It  must  be  noted  that  anin 
of  the  same  size  and  submitted  to  the  same  exercises  by  no  me; 
possess  the  same  morbid  aptitude.  Some  resist  better  than  oth( 
but  these  individual  variations  are  observed  in  all  experiments  t 
in  nowise  modify  the  meaning  of  the  results  which  w^e  have  obtaim 

If  general,  fatigue  explains  the  development  of  infections,  the  o\ 

*  Charrin  et  Roger.     Contribution    a  r<?tiuic    oxpdrimentale    du    surmenage.     l 
influence  sur  I'infection.    Arch,  de  physiol.,  Feb.  19,  1890. 
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jqyV  ^-^^aposed  upon  an  organ  may  account  for  certain  clinical  forms. 
Q^^br^  rheumatism,  for  instance,  occurs  only  in  individuals  ad- 
^^M^  to  intellectual  activity,  or  in  those  whose  nervous  system  has 
wiSeted  from  late  hours,  dissipation,  ambition,  and  disappointment. 
IXkewise,  in  young  subjects,  growing  bones  are  predisposed  to 
micTobic  localizations,  as  expressed  by  the  development  of  osteo- 
myelitis.   Conversely,  an  inactive  organ  does  not  offer  a  soil  for  the 
localization  of  microbes.    Children  suffering  from  mumps  do  not 
develop  orchitis;  this  localization  does  not  occur  imtil  after  puberty. 

Development  of  Epidemics;  Their  Variations  with  Comitries 
Mid  Epochs.  The  facts  above  reported  lead  to  the  conclusion  that 
inaU  infections  two  factors  are  to  be  taken  into  consideration:  (1) 
an  external  factor,  the  pathogenic  microbe;  (2)  an  internal  factor, 
the  state  of  the  organism. 

The  pathc^enic  microbe  comes  from  without.  It  was  primarily 
a  simple  saprophjrte,  which  accidentally  settled  in  a  living  being,  its 
special  organization  enabling  it  to  accommodate  itself  to  the  new 
naedium.  It  thus  loses  its  ability  to  thrive  outside  living  organisms, 
and  aquires  new  qualities  varying  so  greatly  from  the  original  that 
it  is  impossible  to  refer  the  isolated  pathogenic  microbe  to  the  sapro- 
phytic species  from  which  it  evolved. 

After  the  microbe  has  once  acquired  virulent  properties  it  does 
not  remain  immutable.  On  the  contrary,  it  is  modified  by  various 
circmnstances,  its  virulence  increases  or  diminishes,  and  it  acquires 
a  special  aptitude  to  vegetate  in  certain  tissues  rather  than  in  others. 
The  evolution  of  pathogenic  microbes  through  the  ages  and  countries 
thus  leads  us  to  admit  that  the  clinical  types  also  cannot  remain 
inmiutable.  It  is  conceivable  that  new  infections  may  appear  under 
the  influence  of  cosmic  and  many  other  fortuitous  agencies,  and  that 
affections  of  ancient  origin  may  be  modified  or  disappear. 

In  view  of  the  fact  that  epidemics  are  at  times  suddenly  revived 
and  reigning  infections  assume  unusual  gravity  or  exceptional  mild- 
^^,  it  must  be  admitted  that  infectious  agents  may  become  sud- 
denly more  or  less  virulent  under  the  influence  of  changing  atmo- 
spheric conditions.  It  is  more  likely,  however,  that  the  various 
cosmic  changes  act  with  greater  energy  upon  the  invaded  organisms 
than  upon  the  invaders.  As  has  already  been  stated,  the  more 
'^^hly  developed  and  delicate  the  animal  organization,  the  more  sen- 
®^ive  it  is  to  variations  in  the  surrounding  medium.  For  instance, 
man  is  influenced  by  changes  in  atmospheric  pressure  or  thermal 


96  INFECTIO  US  DISEASES. 

variations,  far  more  than  the  microbe.  The  explanation  of  "gfei 
^pid^mique"  must,  therefore,  be  sought  in  the  disturbances  mani 
fested  in  massed  humanity.  The  appearance,  course,  more  or  l« 
extensive  ravages,  and  decline  or  disappearance  of  epidemics  depen 
chiefly  upon  the  influence  exerted  by  meteoric,  hygienic,  and  socii 
conditions  upon  human  organisms. 

The  insufficiency  and  laconicism  of  ancient  descriptions  make  : 
difficult  to  compare  the  diseases  of  the  present  time  with  those  ( 
the  past.  With  reference  to  some  of  them,  however,  the  course  < 
evolution  is  not  a  matter  of  doubt.  For  instance,  leprosy  was  ver 
frequent  in  the  thirteenth  century,  when  there  were  2000  lepros 
houses  in  France  and  19,000  in  Europe.  At  present  this  disease 
localized  in  a  few  regions.  In  France  sporadic  cases  are  met  wit 
aroimd  Marseilles  and  Nice. 

On  the  other  hand,  some  diseases  have  made  their  appearance  i 
a  certain  epoch,  and  do  not  seem  to  be  destined  to  disappear  in  tl: 
near  future.  For  example,  the  eruptive  fevers  were  imparted  in  tl 
sixth  century.  Although  smallpox  existed  in  China  a  thousan 
years  before  Christ,  its  occurrence  in  Europe  was  not  mentioned  unt 
the  year  570  a.d.  by  Marius,  bishop  of  Avenches  (Switzerland),  an 
in  580  A.D.  by  Gregory  of  Tours.  Measles,  which  dates  from  tl 
same  epoch,  seems  to  have  definitely  settled  among  us.  Scarli 
fever  was  mentioned  by  Ingrassias  in  the  sixteenth  century.  Finall; 
sudor  anglicus  appeared  in  England  for  the  first  time  in  the  fifteen! 
century  and  ceased  in  1551.  The  symptoms  of  the  first  epidemic 
however,  were  very  different  from  those  presented  by  modern  ep 
demies,  the  history  of  which  begins  in  the  eighteenth  century  {suet 
picardey  1718-23).  Therefore,  some  authorities,  such  as  Hecker  an 
Littre,  have  denied  the  identity  of  the  two  epidemics. 

Passing  to  modern  times,  we  find  cerebrospinal  meningitis,  whic 
did  not  appear  until  the  nineteenth  century.  In  1831  cholera  mac 
its  first  appearance  in  Europe,  and  the  following  year  it  enterc 
France.  Since  that  epoch  it  has  returned  several  times,  always  pr 
serving  the  same  clinical  characters,  but  tending  more  and  more  t 
acclimate  itself  to  our  countries  and  to  become  localized  in  sma 
endemic  foci. 

The  symptomatology  of  infectious  diseases  has  not  remained  invi 
riable.  The  history  of  influenza  reveals  that  the  malady  was  fo 
merly  observed  in  the  form  of  catarrhs  and  pulmonary  localization 
At  present  it  occurs  also  with  nervous  symptoms  which,  in  son 
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cas=;es,  are  the  predominant  or  only  manifestations,  and  may  persist 
for  months  after  apparent  recovery.  Similar  remarks  are  applicable 
to  pneumonia.  This  infection  no  longer  presents  the  former  frank, 
plain  character.  Its  resolution  is  far  more  tedious,  and  several  weeks 
af  t^r  defervescence  stethoscopic  signs  may  be  found  which  embarrass 
th.e  physician  and  lead  him  to  doubt  the  nature  of  the  process. 

The  causes  of  all  these  changes  are  mostly  unknown.    A  few  con- 
ditions,  however,  have  been  determined. 

At  all  times  it  has  been  noted  that  fatal  epidemics  were  preceded 
b>'    cosmic  perturbations,  great  variations  in  pressure  and  tempera- 
tax^,  earthquakes,  and  volcanic  eruptions.    At  the  present  time  we 
aro  unable  to  conceive  the  mode  of  action  of  these  cosmic  agencies. 
We  are  a  little  better  acquainted  with  the  influence  of  social  con- 
ditions.    Infectious  diseases  change  in  frequency  and  form  parallel 
to    variations  in  the  progress  of  civilization.     During  the  warlike 
periods  of  humanity  infections  reigned  as  a  result  of  traumatism, 
overwork,  and  crowding.      During  the  periods  of  naval  conquests 
v?e  transported  beyond  the  seas  the  maladies  of  our  continent  and 
imported  various  exotic  infections. 

Modern  civilization  has  arrested  the  course  of  epidemics,  and  the 
advances  of  therapeutics  have  diminished  their  mortality.  Vaccina- 
tions  tend  to  abolish  certain  diseases,  notably  variola. 

Some  infections,  however,  persist  with  obstinate  tenacity.  Tuber- 
culosis seems  to  be  on  the  increase. 

Although  hygiene  has  diminished  the  frequency  of  infections,  it 
has  been  less  effective  as  regards  intoxications.  The  latter  become 
i^ore  and  more  numerous.  Alcoholism  tends  to  favor  certain  infec- 
tions and  to  modify  clinical  types.  The  advances  of  civilization  as 
s  cause  of  growing  excitation  of  the  nervous  system  favor  the  devel- 
opment of  cerebral  manifestations,  thus  modifying  clinical  types, 
^e  pathology  of  the  nineteenth  century  differs  from  that  of  pre- 
ceding ages  and  will  differ  from  that  of  the  future.  Infections  are 
object  to  the  general  laws  of  evolution,  and,  while  we  are  unable  to 
^niprehend  all  the  conditions  which  contribute  to  modify  the  clinical 
characters  of  diseases,  we  at  least  understand  that  they  cannot 
remain  immutable. 
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PATHOGENESIS  OF  INFECTIONS. 

R61e  of  Microbes  in  the  Development  of  Infections.     Importance  of  the  Niimber.    VarL  — 
ations  of    Virulence.     Exaltation  and  Attenuation.     Selective  Harmfulness  lo^^ 
Certain  Organs  or  Tissues.    Modes  of  Entrance  of  Microbes.     Importance  of  th^^ 
Mode  of  Entrance  with  Regard  to  Gra\dty  and  Symptoms  of  Infection.    Modes  c0^ 
Action  of  Microbes.     Discussion  of  Hypotheses.     R61e  of  Microbic  Poisons.     Stud}^"^ 
of  Putrefaction  Poisons  and  Gastrointestinal  Poisons.    Autointoxications  of  Castro- — 
intestinal  Origin.     Toxins   of    Pathogenic  Microbes.    Local   Action    and   General 
Manifestations  Ascribable  to  These  Toxins.  Study  of  the  Principal  Toxins  Produced 
by  Pathogenic  Microbes.     The  Poisons  in  the  Infected  Organism.     Toxic  Charac- 
ter of  the  Blood,  Serum,  and  Urine.     Urinary  Toxins  and  Ptomains. 

Role  of  Microbes  in  the  Development  of  Infections;  Bole  of 
Number.  An  infectious  disease  expresses  the  struggle  engaged 
between  an  animal  organism  and  a  microbic  agent.  In  order  to 
understand  the  evolution  of  the  disease  we  must  study  successively 
those  modifications  of  the  organism  and  of  the  microbe  which  favor 
or  hinder  the  production  of  morbid  phenomena. 

Let  us  first  consider  the  role  of  the  microbe.  It  is  now  known  that 
it  is  necessary  to  take  into  account  both  the  quantity  and  the  quality 
of  pathogenic  agents  attacking  the  organism. 

In  the  beginning  of  bacteriological  studies,  when  an  endeavor  was 
made  to  differentiate  infections  from  intoxications,  it  was  thought 
that,  contrary  to  what  is  true  with  regard  to  poisons,  quantity  was 
of  no  importance  when  the  question  was  one  of  microbic  virus.  This 
was  at  the  time  when  Davaine  showed  that  one-millionth  of  a  drop 
of  blood  derived  from  an  animal  infected  with  anthrax  possesses 
sufficient  virulence  to  cause  death.  The  researches  of  Chauveau, 
W.  Cheyne,  and  Bouchard  have  fully  established  the  importance  of 
quantity.  Thus  the  guinea-pig,  of  all  animals  the  most  susceptible 
to  tuberculosis,  does  not  contract  the  infection  unless  eight  hundred 
and  twenty  bacilli  are  introduced  beneath  its  skin.  With  pus  cocci 
far  greater  numbers  are  requisite. 

Operating  wuth  proteus  \ailgaris,  Watson  Cheyne  discovered  that 
6,000,000  of  microbes  injected  beneath  the  skin  do  not  produce  any 
lesion;  8,000,000  cause  the  formation  of  an  abscess;  56,000,000  give 
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\ge  to    a  phlegmon  to  which  the  animal  succumbs  within  five  or  six 
veets  ;   225,000,000  must  be  injected  in  order  to  cause  death  within 
tK<renty-four  or  thirty  hours.     Experimenting  with  staphylococcus 
^pou    rabbits,  he  found  that  250,000,000  microbes  are  required  to 
pTO(\vice  an  abscess  and  to  cause  death,  one  milliard  (1,000,000,000). 
^>  have  obtained  quite  similar  results  by  inoculating  into  guinea- 
pigs  cultures  of  staphylococcus  aureus  obtained  from  a  phlegmon 
consecutive  to  erysipelas.    An  injection  of  0.2  c.cm.  produced  a  cir- 
ciunscribed  abscess;  0.6  c.cm.  caused  edema,  followed  by  a  patch  of 
sphacelus;  with  exfoliation  of  the  slough  the  connective  tissue  and 
subjacent  muscles  were  found  to  be  necrotic.    Finally,  with  1  c.cm. 
an  enormous  invading  edema  was  obtained  which  ended  fatally  in 
four  or  five  days. 

These  facts  are  interesting  because  they  show  that  inoculation  of 
the  same  microbic  cultures  into  the  same  region  in  animals  of  the  same 
species  gives  rise  to  manifestations  which  vary  in  gravity  and  nature 
according  to  the  dosage.  The  experimenter  is  thus  able  to  produce, 
at  will,  aKscess,  gangrene,  or  fatal  edema. 

In  all  these  experiments  the  microbes  were  injected  beneath  the 
skin.  By  varying  the  mode  of  introduction,  different  results  are 
obtamed.  To  produce  suppuration  with  staphylococcus  aureus  it 
^as necessary  in  the  researches  of  Herman  to  inject  4  c.cm.  to  5  c.cm. 
of  the  culture  into  the  peritoneal  cavity,  0.75  c.cm.  to  1  c.cm.  beneath 
the  skin,  0.25  c.cm.  into  the  pleural  cavit)'  or  arachnoid  space, 
0-5  c.cm.  into  the  veins,  and  0.0001  c.cm.  into  the  anterior  chamber 
of  the  eye.  The  anterior  chamber  of  the  eye,  therefore,  is  the  most 
poorly  protected  part  of  the  organism.  The  same  is  also  demon- 
strated by  the  study  of  symptomatic  anthrax.  This  virus,  which  is 
inoffensive  to  rabbits  when  injected  hypodermically,  causes  speedy 
^th  when  introduced  into  the  anterior  chamber  of  the  eye. 

▼Miitions  in  the  Virulence  of  Microbes.  A  fact  of  prime  importance 
dominates  the  history  of  all  infections,  viz.,  the  virulence  of  microbes 
IS  not  fbced  and  imchangeable.  It  is  modified  by  a  vast  number  of 
circumstances  of  which  several  have  been  clearly  determined. 

^  exaltation  may  be  considered  an  adaptation  to  new  biological 
conditions,  it  is  conceivable  that  a  microbe  can  be  habituated  to  the 
"^*Jng  medimn  and  develop  more  and  more  easily  therein.  Inocula- 
tions in  series  offer  the  best  means  of  increasing  pathogenic  potency. 
^  the  other  hand,  cultivation  in  inert  media  is  the  surest  method 
for  diminishing  pathogenic  potency,  and  the  more  the  culture  medium 
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differs  from  the  organic  medium  the  more  speedily  is  the  vinu 
attenuated.  This  weakening  is  more  rapidly  effected  in  minera 
solutions  than  in  bouillon,  and  more  readily  in  bouillon  than  ii 
blood  serum  or  in  defibrinated  blood. 

It  is  to  be  noted  that  a  microbe  exalted  for  one  animal  species  I* 
not  necessarily  so  for  others.  We  have  studied  a  specimen  of  anthra? 
which,  after  successive  passages  through  rabbits,  had  become,  con 
trary  to  the  nile,  far  more  virulent  for  this  animal  than  for  th< 
guinea-pig.  In  this  connection  we  may  cite  the  experiments  a 
Pasteur,  showing  that  the  virus  of  hydrophobia  is  attenuated  whei 
inoculated  into  monkeys,  as  is  evident  from  the  increase  in  the  perioc 
of  incubation. 

These  results  are  not  merely  of  theoretical  interest.  They  explaii 
certain  facts  which,  at  first,  may  seem  incomprehensible. 

In  fact,  under  the  habitual  conditions  of  life,  we  see  that  viruses 
by  passage  through  the  organisms  of  different  animals,  undergo  sucl 
modifications  as  to  puzzle  the  observer  as  to  their  origin.  Thus,  i 
is  now  demonstrated  that  tuberculosis  is  produced  in  all  animals  b] 
a  single  bacillary  species.  The  microbes  have  suffered  changes,  how 
ever,  according  as  they  have  invaded  mammalia  or  birds,  thus  con 
stituting  two  varieties  which  have  appeared  to  some  observers  a 
two  different  species.  The  bacillus  exalted  for  birds  is  attenuates 
for  mammalia,  and  vice  versa. 

The  knowledge  of  these  facts  shows  that  inoculation  into  animal 
does  not  always  yield  results  responding  to  the  previsions  of  clinica 
observation.  We  cannot  establish  a  diagnosis  for  man  upon  experi 
mental  results.  Virulence  being  a  contingent  property,  depending 
rather  upon  the  invaded  organism,  it  is  conceivable  that  it  shoulc 
differ  with  each  being  under  consideration. 

Selective  Injuriousness  of  Pathogenic  Agents.  Some  of  the  patho 
genie  agents  manifest  an  affinity  for  a  certain  organ  or  tissue  in  whicl 
they  settle,  and  manifest  no  tendency  to  invade  other  parts.  The] 
are  even  incapable,  at  times,  of  emigrating  from  the  organic  t-erriton 
to  which  they  are  habituated.  Thus  the  microbe  of  mumps  fixei 
itself  in  certain  glands;  the  cholera  vibrio  multiplies  exclusively  ii 
the  intestine ;  the  agent  of  hydrophobia  invades  the  nervous  system 
Some  specific  bacteria,  however,  are  apt  to  colonize  more  or  les 
everywhere.  Such,  for  instance,  are  the  bacillus  of  glanders,  the 
tubercle  bacillus,  and  the  agent  of  syphilis. 

On  the  other  hand,  the  non-specific  bacteria  are  all  capable  o 
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devel<r>  joing  in  the  most  dissimilar  parts  of  the  organism.  There  is 
no  ti&^ Vie  or  an  organ  which  cannot  be  invaded  by  the  staphylococcus, 
strept  ococcus,  pnemnococcus,  or  colon  bacillus. 

EveMi  these  common  agents,  however,  are  in  some  degree  capable 
of  edvioation,  and  acquire  a  special  aptitude  to  live  in  a  certain  tissue. 
They  become  used  to  the  biological  conditions  of  that  part  of  the 
orgaaism,  and  no  longer  manifest  any  inclination  to  invade  others. 
This  fact  was  illustrated  in  a  case  of  acute  ascending  paralysis  which 
the  author  studied  with  Dr.  Josue.^  The  manifestations  were  due 
to  a  pxieumococcus  which,  when  inoculated  into  animals,  produced 
spina  1  symptoms.  This  microbe,  then,  behaved  as  if  it  had  acquired 
a  sort  of  selective  harmfulness  for  the  nervous  tissues  by  virtue  of 
its  fir^t  passage  through  the  spinal  cord  of  our  patient. 

Our  idea  was  taken  up  and  developed  by  Drs.  Bezancon  and 
Labb^^2  who  collected  a  certain  number  of  facts  showing  that 
microbes  obtained  from  an  organic  lesion  when  introduced  into 
anvKxais  localize  themselves  in  that  part  which  was  attacked  in 
^^^  Viuman  subject.  Thus,  Dreschfeld  produced  endocarditis  in 
rabbits  which  were  inoculated  with  a  streptococcus  derived  from 
^^  infectious  endocarditis. 

These  facts  prove  that  microbes  may  acquire  the  habit  of  colon- 

'^'^ig  in  a  certain  organ  or  tissue  in  preference  to  others.     It  may 

^V'  be  asked  why  a  microbe,  for  the  first  time,  localizes  itself  at  a 

.    ^taiii  point  of  the  economy.    Several  conditions  may  intervene. 

^e  of  these  is  the  mode  of  entrance  of  the  pathogenic  agent. 

Hodes  of  Entrance  of  Infectious  Agents.     Certain  microbes 

r^^^ssess  such  a  high  degree  of  virulence  that  their  introduction  into 

^  he  organism  is  invariably  followed  by  the  development  of  a  fatal 

^Hsease.    No  matter  what  the  mode  of  introduction  may  be,  the 

^^i==5ult  is  the  same.    Such,  for  instance,  is  the  case  observed  when 

^Viicken  cholera  is  inoculated  into  the  rabbit.    This  fact,  however,  is 

exceptional.     In  most  cases  infection  is  modified  according  to  the 

channel  by  which  the  virus  enters. 

The  usual  modes  of  entrance  of  morbific  germs  are  four:  the  skin 
^(1  the  subcutaneous  cellular  tissue,  the  respiratory  passages,  the 
alimentary  canal,  and  the  genito-urinary  apparatus. 

Roger  et  Josud.    Un  cas  de  paralyaie  ascendante  aigue.     Pre^sc  mddicalo,  July  27, 

1898. 

Bezancon  and  Labb^.    Role  de  I'accutumancc  dans  la  determination  des  loealisii- 
tions  mierobiennes.    Presse  m^dicale,  March  7,  1900. 
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Infections  of  Outaneous  Origin.     In  this  connection,  the  first  ques^^ — 
tion  to  be  asked  is  whether  pathogenic  agents  are  capable  of  invading' 
the  organism  through  the  unbroken  skin.    As  a  rule,  they  are  not. 
The  rule  is  not,  however,  without  exceptions,  especially  as  regards 
the  mucous  membranes.     Let  us  first  see  what  occurs  with  the  skin. 

Ancient  observers  admitted  that  viruses  could  penetrate  through 
the  intact  epidermis.  The  fact  seems  to  be  real  with  regard  to 
certain  pus  cocci,  as  is  demonstrated  by  the  frequency  of  small 
pustules  upon  the  back  of  the  hands  of  anatomists.  The  microbes 
are  undoubtedly  introduced  through  the  sebaceous  glands.  Roth, 
by  rubbing  the  skin  of  guinea-pigs  with  a  mixture  of  fat  and  a 
bacteria  culture,  was  able  to  produce  abscesses.  When  experimenting 
with  antlirax  he  witnessed  the  production  of  a  local  edema  which 
in  some  cases  proved  fatal.  No  result,  however,  was  seen  when  the 
culture  was  simply  deposited  upon  the  skin  without  any  friction. 
By  similar  procedures.  Babes  succeeded  in  inoculating  glanders  into 
guinea-pigs  through  the  healthy  skin. 

When  infection  occurs  in  the  skin  the  lesion  often  remains  limited 
to  the  spot.  This  is  what  happened  in  Roth's  experiments  with 
the  anthrax  bacillus.  The  same  is  demonstrated  by  clinical  obser- 
vation. Lupus  and  anatomical  tubercles  manifest  hardly  any  ten- 
dency to  generalization.  The  fact  may  be  due  to  the  special  struc- 
ture of  the  skin.  It  may  also  be  explained  by  the  temperature  of 
the  skin,  which  is  too  low  to  favor  active  vegetation  of  the  microbic 
agent. 

Subcutaneous  Inoculations.  In  most  cases  the  virus  is  deposited 
beneath  the  skin,  either  in  the  cellular  tissue,  or  even  more  deeply 
in  the  muscles  and  nerves. 

With  the  same  virus  the  results  may  differ  according  to  the  point 
of  subcutaneous  inoculation.  Thus  the  regions  where  the  connective 
tissue  is  dense  are  not  very  favorable  for  the  propagation  of  microbes. 
If  a  very  energetic  virus,  such  as  that  of  symptomatic  anthrax  or  of 
gaseous  gangrene,  is  inoculated  into  the  tip  of  the  tail  or  the  ear, 
only  a  local  lesion  capable  of  causing  the  loss  of  a  part  of  the  organ 
results,  but  ending  in  recovery.  The  density  of  the  cellular  tissue 
and  the  low  temperature  of  the  region  hinder  the  vegetation  of  the 
microbes  and  insure  survival  of  the  animal,  which  would  certainly 
perish  if  the  inoculation  were  practised  at  some  other  point. 

The  results  of  inoculation  also  vary  according  to  the  depth  of  the 
wound.    In  this  respect  nothing  is  more  interesting  than  the  study 
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ol  hydrophobia.  Helman  discovered  that  the  adipose  tissue  offers 
an  unfavorable  channel  of  absorption  for  the  hydrophobic  virus. 
Fat  dogs,  therefore,  resist  hypodermic  inoculation,  while  the  young 
and  thin  ones  mostly  perish.  When  the  virus  is  introduced  into  the 
subcutaneous  cellular  tissue  of  rabbits,  75  per  cent,  of  the  inoculated 
animals  die.  If  the  injection  is  made  into  a  muscle,  the  mortality 
rises  to  85  per  cent.  If  sectioned  muscles  are  operated  upon,  and 
the  virus  is  introduced  between  the  muscular  fibres,  all  the  animals 
succumb. 

The  deductions  which  may  be  drawn  from  these  experiments  are 
self-evident.  Tlie  great  danger  attending  deep  wounds  is  in  part 
due  to  the  introduction  of  the  virus  into  the  subcutaneous  muscles 
and  nenre  fibres.  Numerous  experiments  have  shown  that  the 
hydrophobia  virus  follows  the  nerve  fibres  in  order  to  reach  the 
nerve  centres,  where  its  localization  gives  rise  to  clinical  manifes- 
tations of  the  most  fearful  character.  Hence  the  more  richly  the 
wounded  part  is  supplied  with  nerves  the  more  certain  is  contam- 
ination and  the  shorter  the  period  of  incubation. 

InfectionB  through  the  Macoas  Membranes.  The  mucous  membranes 
are  more  easily  penetrated  by  microbes  than  the  skin.  The  patho- 
genic agents  often  leave  no  trace  of  their  passage  or,  after  giving 

■ 

r^  to  some  slight  and  curable  lesion,  invade  the  neighboring 
lymphatic  ganglia.  By  depositing  tuberculous  sputum  in  the  lower 
conjunctival  cul-de-sac,  without  any  traumatism  of  the  mucous 
naemhrane,  C!omet  observed  no  more  than  a  little  redness  at  the 
point  of  inoculation.  The  cervical  glands,  however,  became  caseated, 
^d  microscopic  examination  revealed  in  them  the  presence  of 
numerous  tubercle  bacilli.  He  operated  upon  the  mucous  mem- 
branes of  the  nose,  gums,  penis,  and  vagina  with  similar  results. 

Infeetion  through  the  Respiratory  Passages.  The  respiratory  tract 
IS  believed  to  be  a  frequent  channel  of  contamination.  Many  authors 
*^^t  that  the  germs  of  eruptive  fevers,  especially  those  of  measles 
^d  variola,  are  introduced  by  this  route. 

^  the  other  hand,  it  has  been  remarked  that  while  infection  is 
P^^^  when  it  occurs  spontaneously,  it  is  generally  mild  when  it 
ongmates  by  subcutaneous  inoculation.  This  is  demonstrated  by 
™  practice  of  variolization. 

iQ  studying  the  respiratory  mode  of  entrance,  authors  have  chosen 
particularly  the  bacillus  anthracis.  Flugge  and  Wyssokowicz  asserted 
tb&t  the  bacillus  could  not  pass  through  the  intact  lung.     vSuch 
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conclusion  can  no  longer  be  accepted  in  view  of  the  researches  a1 
Buchner,  Miiskalbluth,  and  Enderlein .  These  authors  made  numerovii 
experiments,  consisting  in  the  injection  of  the  virus  directly  into  th€ 
trachea,  or  in  causing  it  to  be  breathed  in  the  shape  of  dried  powder 
Most  of  the  animals — rats  and  guinea-pigs — died. 

Buchner  produced  a  general  infection,  without  any  pulmonary 
alteration,  by  causing  animals  to  inhale  anthrax  spores.  By  employ- 
ing the  bacilli  themselves  he  often  observ^ed  red  hepatization  and, 
in  these  cases,  the  animals  sur\^ved.  This  result  is  explained  by  the 
fact  that  the  adult  microbes,  which  are  comparatively  weak,  succumb 
an(i  transude  an  irritating  substance,  while  the  spores  give  birth  to 
^^gorous  bacilli  of  great  resistance.  The  local  lesion  is,  therefore, 
the  result  of  the  organic  resistance,  though  this  is  not  always  suffi- 
cient to  prevent  infection.  This  is  further  illustrated  by  the  study 
of  the  pneumococcus.  If  this  microbe  is  introduced  into  the  trachea 
of  an  animal  very  sensitive  to  its  action,  such  as  the  rat  or  the  rabbit, 
no  pulmonary  lesion  is  obtained,  but  death  superv^enes  as  the  result 
of  a  general  infection — that  is,  a  veritable  septicemia.  If  a  more 
resistant  animal  is  experimented  upon,  the  dog,  for  instance,  the 
result  is  a  fibrinous  pneumonia.  The  same  is  true  with  regard  to 
man.  The  pneumococcus  is  present  in  the  oral  cavity  of  many 
healthy  persons.  When  a  disturbing  influence  diminishes  the  or- 
ganic resistance  a  pneumonia  is  produced  expressing  the  reaction 
of  the  individual  against  the  pathogenic  agent.  The  same  remark 
is  also  applicable  to  diphtheria. 

In  the  majority  of  cases  the  bacilli  of  tuberculosis  invade  the  organ- 
ism through  the  respiratory  organs.  The  experiments  of  Tappeiner 
demonstrate  that  dogs,  which  are  quite  resistant  to  tuberculosis, 
easily  contract  this  malady  when  they  inhale  dried  and  pulverized 
sputa.  The  local  lesion,  however,  may  be  lacking  or  promptly 
repaired.  The  bacilli  pass  through  the  lung  without  leaving  any 
lasting  trace  of  their  passage,  and  take  up  their  abode  in  other  parts 
of  the  organism.  They  may  cause  a  general  infection  or  be  arrested 
in  the  mediastinal  ganglia.  The  latter  event  is  frequently  observed 
in  children  who  are  so  often  victims  of  seemingly  primary  tracheo- 
bronchial adenopathies. 

It  is  not  to  be  assumed,  however,  that  the  respiratory  pasvsages 
represent  a  door  open  to  all  infections.  The  bacilli  of  symptomatic 
anthrax  and  of  gaseous  gangrene  may  be  introduced  into  the  trachea 
with  impunity.    They  give  rise  to  no  disturbance,  for  the  reason. 
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perliaps,  that  these  agents  are  anaerobic.  It  must  further  be  remem- 
bered that  in  this  organ,  as  in  the  rest  of  the  economy,  important 
mosans  of  defense,  including  phagocytosis,  exist. 

Xxifection  by  the  Alimentary  Oanal.  Under  normal  conditions  the 
dig:^stive  tract  contains  a  prodigious  quantity  of  microbes,  of  which 
se^^eral  are  pathogenic.  Owing,  how^ever,  to  the  numerous  modes  of 
protection  with  which  this  canal  is  endowed,  the  presence  of  the 
niioTobes  gives  rise  to  no  disturbance.  Nevertheless,  infection  is  pos- 
sib>le,  though  here  it  is  more  difficult  than  through  the  respiratory 
pa^ssages.  ^Miile  the  inhalation  of  the  bacillics  anthracis  kills  most 
of  tihe  animals — rats  or  guinea-pigs — its  ingestion  is,  as  a  rule,  well 
re:sisted. 

The  alimentary  canal  may  be  the  starting  point  of  a  great  num- 
ber of  infectious  diseases.  It  will  suffice  to  mention  typhoid  fever, 
d>^s«ntery,  and  cholera. 

Tuberculous  lesions  are  also  frequently  observed  in  the  digestive 
ca^nal  and  are  generally  secondary  to  deglutition  of  sputa.  They 
f^^^y,  however,  be  primary,  as  a  result  of  ingestion  of  contaminated 
f^x>cl  and,  particularly,  milk  drawn  from  cows  affected  with  mam- 
la^i-j'  tuberculosis. 

Tuberculosis  of  intestinal  origin  may  appear  in  two  different  forms : 
^-  The  localizations  are  sometimes  found  in  the  canal  and  the  mode 
^f  entrance  is  readily  recognized.  2.  At  other  times  no  intestinal 
les^ion  is  discoverable,  since  the  bacilli  have  passed  onward  to  colonize 
11^    the  mesenteric  ganglia,  peritoneum,  or  even  the  lungs. 

Of  all  the  microbes  normally  inhabiting  the  intestine  the  most 

iiit^resting  is  undoubtedly  the  bacillus  coli  communis.    The  study 

of  the  diseases  which  it  is  capable  of  producing  is  the  finest  illustra- 

tion  of  the  surprising  modifications  undergone  by  a  microbe.     An 

innocent  guest  in  most  human  subjects,  under  influences  as  yet 

vaguely  recognized,  it  may  acquire  noxious  properties  and  give  rise 

^^  the  most  varied  intestinal  disturbances — simple  diarrhea,  dysen- 

^^riforai  diarrhea,  or  some  form  of  cholera.     It  may  even  leave  the 

^testine  and  produce  either  septicemias  or  bronchopneumonias;  or, 

"y  ascending  the  biliary  passages,  induce  a  suppurating  angiocholitis. 

Migration  may  occur  when  there  is  some  obstacle  to  the  course  of 

'^al  matters.    Artificial  occlusion  of  the  rectum  suffices  to  cause 

•bacteria  to  pass  into  the  general  circulation  (Possner  and  Lewin). 

The  same  phenomenon  is  observed  in  the  course  of  certain  infections 

3nd  intoxications.    According  to  Chvostek  and  Egger,  after  a  mala- 
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rial  paroxysm  and  after  the  injection  of  tuberculin,  various  microbes 
can  be  found  in  the  urine,  particularly  the  colon  bacillus,  whict^ 
probably  comes  from  the  intestine.    The  researches  of  Beco,  Wurt^, 
and  Hudelo  demonstrate  that  poisoning  by  tartar  emetic,  canthari— 
din  or  alcohol  likewise  favors  penetration  of  bacilli.    Authors  har 
thus  been  led  to  attribute  to  infection  a  r61e  in  the  origin  of  alcoholi 
cirrhosis. 

Infection  by  the  Qenito-urinary  Organs,     Under  normal  condition.^ 
microbes  do  not  pass  beyond  the  navicular  fossa.    They  may  often.  ^ 
however,  invade  the  rest  of  the  urethra  after  catheterization  or  afte^^ 
sexual  intercourse.    In  the  latter  instance,  several  infections  ma; 
be  transmitted,  from  gonorrhea  to  tuberculosis.    The  infection  ma; 
pass  from  the  urethra  into  the  bladder,  but  scarcely  ever  beyond 
that  point.    As  has  been  established  by  Albarran  and  Halle,  nu — - 
merous  microbes  are  very  frequently  found  in  the  bladder.    Onljr 
one,  however,  the  bacillus  coli,  is  capable  of  advancing  to  the  renal 
pelvis  and  kidneys.    It  is  interesting  to  note  that  this  microbe 
manifests  the  same  tendency  to  ascend  to  the  liver  along  the  excre- 
tory passages  and  contrary  to  the  current  of  the  bile.    Angiocholitis 
and  suppurative  nephritis  represent  two  perfectly  analogous  pro- 
cesses. 

In  women  protection  against  microbes  is  quite  efficacious.    Even 
after  parturition,  infections  of  genital  origin  are  difficult.    Experi- 
ments have  shown  that  the  uterus  of  a  puerperal  woman  possesses 
a  special  resistance.    Certain  microbes,  however,  notably  the  strep- 
tococcus, can  invade  it,  producing  one  of  the  forms  of  puerperal  fever. 

Infection  by  the  Organs  of  Sense,  Serous  Membranes,  and  the  Neryons 
System,  It  has  already  been  stated  that  the  conjunctiva  may 
serve  as  a  channel  of  entrance,  but  the  anterior  chamber  especially 
offers  an  important  route  of  introduction,  at  least  from  an  experi- 
mental standpoint.  Thus,  for  instance,  hydrophobia  as  surely  de- 
velops when  the  virus  is  deposited  at  this  point  as  when  it  is  intro- 
duced into  the  nervous  system.  Cohnheim  and  Baumgarten  have 
discovered  that  this  is  a  very  certain  channel  for  the  introduction 
of  tuberculosis. 

The  serous  membranes  are  not  a  route  habitually  open  to  infec- 
tions, except  in  cases  of  traumatism.  Experimenters  frequently 
employ  it  for  the  introduction  of  microbes.  At  all  events,  the  results 
are  similar  to  those  obtained  with  inoculations  into  the  mucous 
membranes.    In  some  instances  the  animal  resists;  in  others  a  gen- 
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;ra.l  infection  is  produced  without  any  lesion  at  the  point  of  injection. 
Kt  other  times  a  local  lesion  is  caused  which  may  or  may  not  be 
followed  by  general  infection. 

Lastly,  another  channel  for  contamination  is  the  nervous  system. 
The  agent  of  hydrophobia  propagates  through  the  nerves,  as  both 
clinical  observation  and  experimental  researches  have  demonstrated. 
In  this  way  the  virus  reaches  the  nerve  centres.    It  is  conceivable, 
therefore,  that  the  nearer  the  affected  nerve  is  to  the  spinal  bulb 
(he  shorter  the  period  of  incubation,  and,  furthermore,  the  first  mani- 
festations will  vary  with  the  region  primarily  contaminated. 

Infection  by  the  Vascular  System,     Whatever  the  route  by  which 

microbes  are  introduced  into  the  organism,  they  either  remain  at 

the  point  where  they  are  primarily  deposited  or  invade  the  organism. 

In  the  former  case  they  may  be  speedily  destroyed  or  give  rise  to 

the  formation  of  a  local  lesion,  which  often  represents  a  means  of 

defense  opposed  by  the  organism.    However,  the  microbes  multiply- 

uig  at  the  point  of  the  lesion  at  times  secrete  extremely  active  toxic 

substances,  and  in  this  manner  give  rise,  not  to  an  infection,  but  to 

a  more  or  less  serious  intoxication  which  is  at  times  fatal.    This  is 

^hat  occurs  in  gaseous  gangrene,  diphtheria,  and  cholera.    These 

n^ladies  should,  therefore,  be  considered  as  bacteriotoxemias. 

^Tien  mfection  is  generalized,  whether  a  local  lesion  is  present  or 
^ot,  the  microbes  penetrate  by  the  bloodvessels  or  the  lymphatic 
channels.  In  the  latter  case  they  are  first  arrested  by  the  glands, 
the  hypertrophy  of  which  testifies  sufficiently  as  to  their  increased 
acti\ity.  The  process  may  stop  here  or  may  pass  beyond  the  barrier 
apposed  by  the  glands  and  spread  in  the  blood. 

Lnder  natural  conditions  the  blood  is  almost  always  secondarily 
"^^aded.  Direct  introduction  into  the  circulation  occurs  only  in  the 
f^^us,  since  the  pathogenic  agents  cannot  reach  it  otherwise  than 
'^y  the  sole  point  of  contact  which  it  has  with  the  external  world 
~^that  is,  the  umbilical  vessels.  Infection  then  assumes  a  special 
^ct  imposed  by  its  locaUzations.  It  is  thus  conceivable  that  the 
1^^'er  should  be  profoundly  altered  in  inherited  syphilis  and  that  the 
^^rious  stages  should  not  be  separated,  as  in  the  adult.  There  is 
K^Qeralization  from  the  first;  hence,  the  absence  of  primary  lesions 
^d  confusion  of  secondary  and  tertiary  stages. 

^Vhether  directly  introduced  into  the  veins  or  secondarily  invading 
tte  circulatory  system,  microbes  do  not  remain  in  the  blood.  They 
'^pidly  leave  this  unfavorable  medium  and  take  refuge  in  the  tissues 
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and  organs.  They  do  not,  however,  distribute  themselves  equalE3^ 
in  all  the  tissues,  nor  do  they  affect  all  the  organs  in  the  same  manne:^"  - 
The  results  vary  according  to  the  species  or  variety  under  observai-— 
tion.  If  a  tissue  is  already  altered,  whether  by  traumatism  or  pr^ — 
vious  disease,  the  microbes  will  preferably  settle  in  those  parts  c^^ 
lessened  resistance.  It  is,  therefore,  possible,  in  experimental  re^ — 
searches,  to  cause  a  pathogenic  agent  to  colonize  at  this  or  tha-  ^ 

point  of  the  organism,  and  thus  create,  at  will,  nephrites,  endoeai 

dites,  osteomyelites,  and  infectious  arthrites. 

Mode  of  Action  of  Pathogenic  Microbes.    The  causes  favorabl 
to  infection  having  been  described,  it  remains  to  study  in  wha 

manner    niicrobic    development   is  followed    by   morbid   disturb " 

ances. 

Several  theories  have  been  advanced.    In  the  first,  a  mechanica — — 
theory,  it  is  assumed  that  the  microbes  act  simply  like  foreign  bodies  __ 

by  obstructing  the  capillaries  they  hinder  the  fimctions  of  the  organs 

This  conception  is  hardly  deserving  of  discussion,  especially  in  vie 
of  the  fact  that  the  microbes  often  remain  localized  in  some  organ 
or  tissue,  or  at  some  point  of  very  limited  extent,  as  in  the  case  of 
diphtheria,  tetanus,  and  symptomatic  anthrax. 

In  the  second  theory  it  is  assumed  that  there  is  a  struggle  for  life. 
It  is  supposed  that  the  microbes  and  the  cells  of  the  organism  vie 
with  each  other  for  the  possession  of  the  alimentary  materials  and 
oxygen  carried  by  the  blood.  When  the  question  is  one  of  a  microbe 
like  the  diphtheria  bacillus,  which  lives  upon  the  surface  of  a  mucous 
membrane,  or  of  an  anaerobic  agent,  such  as  the  bacillus  of  tetanus, 
the  oxygen  of  the  blood  is  not  needed  for  the  development  of  the 
pathogenic  agent.  As  to  the  use  of  nutritive  materials,  how  much 
of  them  can  the  microbes  consume?  We  have  no  information  con- 
cerning this  point.  However,  notwithstanding  their  active  multi- 
plication, microbes  weigh  too  little  to  give  strength  to  the  opinion 
that  their  development  starves  the  economy.  The  problem  is  more 
complex.  In  order  to  nourish  itself,  every  being  is  forced  to  secrete 
ferments  which  transform  or  modify  the  alimentary  substances. 
Microbes  are  subject  to  this  law  and  produce  amylolytic,  inversive, 
and  proteolytic  ferments.  These  ferments  give  rise  to  substances 
which  may  serve  their  nutrition,  but  may  prove  harmful  to  the 
invaded  organism.  As  in  every  living  cell  a  double  process — assimi- 
lation and  disassimilation — goes  on  in  the  interior  of  microbes.  The 
products  of  bacterial  disassimilation,  useless  to  the  microbes,  are 
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e\ect^^<l  into  the  interstitial  plasma  and  into  the  blood,  and  repre- 

aeut  c>t:  her  noxious  substances. 

^ore^over,  the  substances  of  which  the  microbic  protoplasm  is 

eotap^^^^d  are  not  harmless.    This  also  is  the  application  of  a  general 

\a,vf .     The  extracts  of  all  tissues  give  rise  to  morbid  phenomena  when 

Reeled  into  animals.    These  manifestations,  which  occur  even  when 

awma\s  of  the  same  species  are  operated  upon,  are  much  more 

marked  when  diflferent  species  are  employed.    This  is  equally  true 

with  regard  to  bacteria.    Their  protoplasm  contains  toxic  substances 

which  may  readily  diffuse  after  their  death,  or  perhaps  even  during 

life. 

We  conclude,  therefore,  that  infectious  agents  exert  only  a  mechan- 
ical influence  of  secondary  importance.  They  give  rise  to  nervous 
reactions,  not  by  crowding  the  tissues,  but  through  the  agency  of 
noxious  substances  which  they  produce  and  pass  into  the  blood.  As 
already  stated,  infection  is  a  chapter  of  the  history  of  intoxications. 

Microbic  Poisons. 

Putrid  Poisons.  Before  the  discovery  of  pathogenic  microbes, 
at  an  epoch  when  the  nature  of  putrefactive  agents  was  not  even 
saspected,  interesting  results  had  already  been  obtained  in  the  study 
of  poisons  produced  by  fermentations. 

^^  the  end  of  the  eighteenth  century  Seybert^  demonstrated  that 
the  putrefaction  of  pus,  serum,  and  infusions  of  meat  developed  in 
these  fluids  a  high  degree  of  pathogenic  power.  He  pointed  out,  for 
instance,  that  the  intravenous  injection  of  20  c.cm.  of  putrefied  serum 
into  a  dog  produced  vomiting  and  convulsions,  ending  in  death  within 
a  few  hours. 

The  question  was  taken  up  by  Gaspard,^  physician  at  St.  Etienne, 
who  pursued  a  series  of  very  remarkable  researches,  the  results  of 
which  were  confirmed  and  completed  by  Magendie,  Virchow,  Stich, 
^nd,  above  all,  by  Panum,  who,  in  1856,  isolated  a  poison  the  effects 
of  which  were  comparable  to  those  of  the  toxic  substances  above 
mentioned. 

It  Ls  not  sufficient,  however,  to  point  out  the  toxicity  of  putrid 
siibstances.    The  very  element  upon  which  their  noxious  action 

Seybert.   Ueber  die  Faulniss  in  Blute  an  lebenden  thierischen  Korper.   Berlin,  1758. 
Gaspard.     M<^moire  ph^'siologiciue  sur  les  maladies  purulentes  et  putrides.     Journal 
*Uphy9.,  1822,  1824. 
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depends  must  be  discovered.  The  bodies  originated  during  th^ 
process  of  putrefaction  are  excessively  numerous  and,  moreover,  vary 
according  as  the  substances  are  exposed  to  the  open  air  or  kept  in 
closed  vessels ;  according  to  the  time  putrefaction  has  lasted ;  accord— 
ing  to  the  nature  of  the  materials  undergoing  the  process,  etc.  The 
following  table,  nevertheless,  presents  the  principal  substances: 


Gas 


hydrogen,    sulphuretted   hydrogen,    phosphor- 
ated hydrogen,  protocarbonated    hydrogen, 
y       ammonia,  sulphohydrate  of  ammonia. 

carbonic  acid. 
'^  phosphorated  gas,  vaguely  known  (phosphins). 


Acids 


formic  (traces). 

f  volatile  gases  .     .  J  acetic. 

j  butyric  (very  abundant). 
^  valeric. 
^  acrylic. 

,  of  the  oleic  series  J  crotonic. 

J  palmitic. 
V  oleic. 


Aromatic  substances 


1 
I 


(  glycolic. 
polvatomic    .      .  J  lactic. 

j  oxalic, 
^succinic, 
indol. 
phenol, 
skatol. 

paracresol,  orthocresol. 
j  ^  phenylacetic,     pyroxylphe- 

I  acids  ....  J      nylacetic. 

'  1  phenylpropionic,     paroxj'l- 
*      phenylpropionic. 

Albuminoid  substances  j  albuminates. 

I  peptones. 

f  Icucin,  leucein. 
Amidate  bodies  .  .J  tyrosin. 

(^  xantliin,  hypoxanthin. 

^  complex  amido  bodies. 
^         .     ,  methvlamin,  trimethylamin,  etc. 

Organic  bases     •      •      -|  ethylendiamin,  amylamin,  etc. 

I  alkaloids  or  ptomains. 

Finally,  the  residues  of  putrefaction  are  rich  in  earthy  and  ammo- 
niacal  salts,  in  fats,  and  often  in  nitrates. 

So  far  as  the  gases  are  concerned,  it  is  now  known  that  they  are 
not  responsible  for  the  toxicity  of  putrid  matters.  The  same  is  true 
of  fatty  acids,  aromatic  substances,  and  amido  bodies.  There  remain 
the  albuminoids  and  the  bases.  According  to  Panum,  toxicity  must 
be  attributed  to  the  former  group.  Later  came  a  series  of  very 
notable  contributions,  due  to  Nencki,  Maas,  and,  above  all,  Brieger, 
who  thoroughly  studied  the  bases  of  putrefaction.  Selmi^  called 
them  ptomains  in  order  to  indicate  their  cadaveric  origin.  He 
recognized  that  these  ptomains  are  very  numerous;  that  some  are 
inoffensive  and  others  toxic;  that  they  resemble  vegetable  alkaloids; 

*  Selmi.     Ptomain  ad  alcaloidc  cadaverici.     Bologna,  1881. 
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g^t    -tliey  cause  pupillary  disturbances,  cardiac  irregularities,  nar- 
^s    <3r  convulsions,  and  produce  death  by  arrest  of  the  heart  in 
y  stole. 
V^'e    cannot  sum  up  all  the  works  published  on  this  interesting 
gabject.    Prof.  Gautier,  who  was  first  to  point  out  the  existence  of 
Miinial  alkaloids,  has  several  times  returned  to  their  study.  Brieger^ 
look  up  the  complete  study  and  reported  a  number  of  very  remark- 
able facts.    He  assumes  that  at  the  beginning  of  all  putrefaction, 
lecithin  (C^^H^^NPOg)  is  broken  up  into  its  components,  and  the 
oxN^ethylic  base,  cholin  (C^H^sNOj),  a  substance  of  little  toxicity, 
gives  rise  to  a  vinylic  base,  nervin  (CgHjjNO),  a  highly  toxic  body 
which  is  produced  simply  by  subtraction  of  one  molecule  of  water. 
The  transformation  of   lecithin  is  readily  accounted   for  by  the 
great  fragility  of  its  highly  complex  molecule.    It  is,  however,  diffi- 
cult to  say  whether  the  transformation  of   cholin   is  due  to  the 
Cueing  properties  of  the  tissues  which  acquire  so  great  an  energy 

■ 

•niniediately  after  death,  or  whether  it  is  already  the  work  of  micro- 
organisms. 

However  that  may  be,  here  is  a  highly  toxic  base  originated  at  the 
'^^guining  of  putrefaction.  Brieger's  researches  have  established 
"^t  nervin  is  particularly  active  for  the  cat,  w^hich  is  killed  by  a  few 
°^rams  of  it,  while  as  much  as  four  centigrams  are  required  to 
Ml  a  rabbit.  Aside  from  nervin,  there  are  two  other  bases:  neu- 
"din  (CjHj^Nj),  which  is  not  toxic,  and  methylguanidin  (Brieger), 
^hich  is  tetanizing.  There  is  also  parvolin  (CgHjgN),  found  by 
Sutler  and  Etard  in  the  putrid  flesh  of  the  horse;  collidin,  hydro- 
collidin,  and  two  other  bases  isolated  by  Dr.  Pouchet  and  having 
^•^Mormulffi:  one,  C^Hj^NjOo;  the  other,  C^H^^N^O,.  These  bodies 
^  verj'  toxic.    Harmless  bases,  such  as  corindin  (C^oHj^N),  are  also 

encountered.    On  the  whole,  the  convulsifying  alkaloids  are  dom- 
inant. 

Brieger  has  established  that  the  alkaloids  produced  in  the  human 
^ver  vary  with  the  time  elapsed  since  the  moment  of  death.  The 
"^t  one  is  cholin,  which  appears  as  early  as  the  first  or  second  day 
^d  disappears  toward  the  seventh  day.  On  the  third  day  neuridin 
^ Produced,  which  disappears  toward  the  end  of  the  second  week. 
*'^t  the  same  time  cadaverin  may  be  isolated,  which  increases  with 
^l^c  progress  of  putrefaction;  then,  toward  the  fourth  day,  appear 

*  Brieger.    Untersuchungen  (iber  Ptomaine  (3  pamphlets).      Berlin,  1885-86. 
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putrescin,  which  is  very  abundant  toward  the  fifteenth  day,  an( 
saprin.  These  bases  are  not  all  toxic:  cholin  alone,  when  injecte 
in  high  doses,  produces  a  few  symptoms  resembling  those  provoke 
by  muscarin. 

The  truly  toxic  substances  appear  toward  the  seventh  day.  i 
this  stage,  aside  from  trimethylamin,  which  is  of  Uttle  toxicity,  t^ 
venomous  bases  are  produced,  of  which  considerable  quantities  m^ 
be  collected  toward  the  fifteenth  day.  One,  the  less  active,  caufi 
only  alvine  evacuations;  the  other,  mydalein,  the  chemical  formi: 
of  which  has  not  yet  been  determined,  is  extremely  powerful. 

When  injected  into  guinea-pigs  and  rabbits,  mydalein  causes  sa 
vation  and  lacrymation.  The  pupils  dilate,  the  ears  are  congeste 
and  the  rectal  temperature  is  raised  1.8°  to  3.6°  F.  (1°  to  2°  C 
If  the  dose  reaches  five  milligrams  in  the  guinea-pig,  profuse  dia 
rhea,  exophthalmos,  and  then  paralysis  are  observed;  respiratic 
becomes  difficult,  the  temperature  falls,  and  death  superv^enes,  tl 
heart  being  arrested  in  diastole. 

Ehrenberg  has  discovered  several  bases  in  decayed  fish,  notab 
cholin,  neuridin,  methylamin,  and  dimethylamin.  The  most  impo 
tant  body,  however,  is  ptomatropin  of  v.  Aurep,  of  which  t¥ 
milligrams  cause,  in  a  rabbit,  mydriasis,  convulsions,  and  death  1: 
arrest  of  the  heart. 

Nouridin  and  trimethylamin  are  likewise  encountered  in  putr 
milk  and  cheese;  also  a  base  discovered  by  Vaughan  and  designate 
tyro  toxin. 

As  has  already  been  stated,  ptomains  differ  notably  according 
the  time  at  which  the  products  of  putrefaction  are  studied.  Son 
appear  and  later  disappear,  to  be  succeeded  by  others.  The  chemic 
researches  which  have  revealed  these  facts,  however  interesting  th( 
may  be,  ought  to  have  been  completed  by  bacteriological  studie 
It  is,  in  fact,  a  question  whether  these  diverse  ptomains  are  produa 
during  the  various  i)hases  of  the  life  of  the  same  microbes,  or  wheth 
their  successive  api)earance  and  disappearance  depend  upon  diflferei 
microbes  which  destroy  or  transform  the  substances  already  produce 
by  their  predecessors. 

Although  we  do  not  know  exactly  the  role  of  ferments  in  tl 
genesis  of  ptomains,  we  are  better  acquainted  with  the  influeui 
exerted  by  the  media.  It  is  known  that  certain  bases  are  encou: 
tered  in  all  putrefactions,  for  instance,  neuridin,  while  neurin  is  four 
only  in  the  putrefying  flesh  of  mammalia  and  muscarin  in  that 
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decayed  fish.  Likewise,  gadinin,  ethylenediamin,  and  trimethylamin 
are  formed  at  the  expense  of  the  flesh  of  fish.  Finally,  dimethylamin 
has  thus  far  been  encountered  only  in  the  putrefaction  of  gelatin  or 
of  yeast. 

Kostiurine  and  Krainsky  very  justly  remark  that  the  toxicity  of 
the  products  of  putrefaction  is  in  direct  ratio  to  the  chemical  com- 
plexity of  the  substances  undergoing  putrefaction.  More  poison 
is  yielded  by  meat  than  by  bouillon,  and  more  by  bouillon  than  by 
saline  solutions.  Toxins  are  most  abundant  from  the  fifth  to  the 
thirtieth  day.  Furthermore,  toxins  insoluble  in  alcohol  are  more 
active  than  those  soluble  in  this  fluid.  This  last  fact  clearly  shows 
the  importance  of  non-alkaloidal  poisons. 

There  is  no  doubt  that  whatever  cause  hinders  or  favors  the  devel- 
opment of  microbes  also  hinders  or  favors  the  development  of  putrid 
poisons.  It  will  suffice,  in  this  respect,  to  recall  the  influence  of  heat 
^d  electricity.  As  to  the  r61e  played  by  oxygen,  opinion  is  divided. 
An  important  fact  established  by  Kijanisin  has  not,  perhaps,  been 
efficiently  considered.  According  to  this  author,  a  greater  amount 
of  ptomains  are  produced  in  contact  with  Air  than  when  the  process 
of  putrefaction  takes  place  without  air.  But  the  ptomains  are  then 
'^  toxic  and  less  stable ;  they,  therefore,  rapidly  disappear. 

All  the  principal  ptomains  actually  known  are  presented  in  the 
table  below,  following  Prof.  Gautier's  classification : 


^eihyUmin,  CH»N, 

jJ^niethyUinin,  CjHtN, 
JunethyUmin,  C,H„ 
^riethylMnin,  C|H„X, 
SropyUmin,  C,H,N, 
Botylamin,  C  H^N, 

Isoimylamin,  C»A„N, 

AmyUmin,  C.H„N, 

^xylamin,  C,H„N, 

•^'^din,  CH„N„ 
^rin.  C»H,4N„ 

'^"^rescin,  C4H„N„ 
KthyfeDediamin,  C,H.N^ 
Methylguanidin,  CH,N„ 


f  Bocklisch, 
(Wupti, 
Brieger, 
nrid. 
Ibid. 
n>id. 

Gautier  and 
Mourgues, 
Mailer  and 

Hesse, 
Gautier  and 
Mourgues, 
Ibid. 
Hesse, 

Brieger, 

■ 

Ibid. 

{Brieger, 
Bocklisch, 
Brieger, 

BockUsch, 

Brieger, 

Ibid. 


Decayed  fish, 
Normal  blood, 
Putrid  yeast. 
Decayed  fiish, 
Ibid. 

Putrid  gelatin, 
Cod-liver  oil, 

Putrid  yeast. 

Cod-liver  oil, 

Ibid. 

Putrid  yeast, 
f  Fresh  brain ; 
<  all  putrefac- 
[      tions, 

Cadavers, 

Cadavers, 

Decayed  fish, 

Cadavers, 

Herring, 
Putrid  codfish, 
Deca3red  fish. 


Non- toxic. 
li 

tt 
Convulsions. 

a 
it 


Stupefying  and  convulsi- 

fying  poison. 
Stupefying  and  convulsi- 

fying  poison. 
Polvuria;  convulsions. 


ti 
tt 


a 


Non-toxic. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 

liOcal  action,  inflamma- 
tion necrosis. 

liOcal  action,  inflamma- 
tion necrosis. 

Nasal  flux  and  mydriasis ; 
dyspnea  and  death. 

Excitation,  then  paral- 
ysis of  the  nervous  sys- 
tem. 
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Seviin,  CjHj^XO, 

Choliii,  CtH,ftNO» 

Miucarin,  C^,sNO> 

Mydotoxin,  CtUxjNOs, 

Mvdin,  CHuXO^ 
Gadinin,  CHjeNOj. 
Methylgndinin.  CgHigNOs, 

Collidin,  (VHu^. 
Hydroc<^din,  CtH^N, 

Par\'oUn,  C,H,,N, 
Coridin,  CioHjjX, 

Hydrolutidin,  CtHuN, 
Scombri n,  CitH^N^. 

Moirhuin,  C,»H2;Nj. 

Asellin,  C»H«N4, 
Morrhuic  acid,  C»Hi3^C),. 

O14HJQ4N  jU4j 

M>'dalein,  C»n„N02. 

Ptomatropin,  CsTI,iN02, 

Ptomatocurarin,  QHuNO-, 
Ptoraatoconicin,  CjUnNOj, 

Ptomatoveratrin,  C5II.1NO2, 
Tyrotoxin,  C»Hi,NO:. 


Ibid. 


Tainted  meat. 


Ibid. 
Ibid. 
Ibid. 

Ibid. 

Ibid. 

Briefer, 
f  Nencki. 
I  CE.de  Coninck 

Gautier  and 
Etazd, 


Ibid. 

Putrid  codfish, 

Cadmvera, 

Ibid. 

Decayed  fish. 
Tainted  meat. 
Pancreatic 

digestion. 
Putrid  pulp, 
Deca>'e<l  fish. 


Myosis ;  saiivati<Hi;  panl- 

Vsis;  death.    Atrqihy 

ICarvello). 
Like  muBcarin,  but  letioa 

sUg^t. 
Laczymation,  saiivatioo, 

convulsions. 
Lacrymation,    salivation 

convulsions. 
Non-toxic. 


»i 


Tetaniring  poison. 


ti 


< 


it 
« 
it 
it 


n 
tt 


IlHd. 

f  Guaieschi 
and  Mosso, 
CE-  de  Con- 
inck 
f  Gautier  and 
<      Mourgues 
i*  Gautier  and 
\      Etard. 
f  Gautier  and 
*      Mourgues 

Ibid. 

Ibid. 

Pouchet, 

Ibid. 

Guareschi 

Salkowski, 

Brieger, 

Aurep, 


Harkawv, 

Otto, 
/Brouardel  and 
<^      Bout  my, 

Vaughan, 


IlHd. 

Putrid  fibrin. 
Putrid  pulp. 
Cod-liver  oil. 
Decayed  fish, 

Cod-li\'er  oil. 

Ibid. 

Ibid. 

Putrid  meat. 

Ibid. 

Ibid. 

Ibid. 

Human  cad- 
avers. 

Fish  and  meat 
poisons. 

Putrid  yeast, 

Cadavers, 

Ibid. 


*t  ti 

Trembling,  con\*ul8iooSy 
arrest  of  heart  in  <ii»» 
tole. 

Very  toxic. 


t* 


t. 


tt 


Trembling  paral^'ris. 

Trembling  paralysui. 

IHuretic. 

Conxnilsions;  death. 

Con\*iilsions;  death. 

Con\-iilsions;  death. 

Conxnilsions;  death. 

Xon-toxic. 

Ibid. 

Fe\-cr;  glandular  hypc 

wcretions. 
Action  analogous  to  tt 

of  atropin. 
Like  curare. 
Like  conicin. 
Like  veratrin. 


Si>oil€d  milk 
and  cluH\se, 


it 


tt 


Gastrointestinal  Putrefactions.  Tlie  foregoing  study  of  putr 
poisons  and  the  facts  concerning  their  production  outside  the  orga 
ism  find  numerous  applications  in  the  history  of  gastrointestin 
putrefactions. 

The  microbes  of  the  aUmentary  canal,  having  entered  with  be 
erages  and  aliments,  must  evidently  be  the  same  as  those  which  a 
encountered  in  putrefactions  in  the  free  air.  Although  it  is  compai 
tively  easy  to  determine  the  changes  alimentary  substances  under 
outside  of  the  organism  through  the  agency  of  bacteria,  the  problc 
is  far  more  delicate  when  the  study  of  such  phenomena  occurring 
the  intestine  is  undertaken.  Here  substances  rapidly  disappear 
al)sorption,  and,  on  the  other  hand,  it  is  difficult  to  decide  whi 
changes  are  due  to  digestive  juices  secreted  by  the  organism  a 
which  alterations  are  dependent  upon  bacterial  action.    Pepton 
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vhich  are  abundantly  produced  in  both  cases,  may  be  mentioned  as 

an  example.    It  may,  therefore,  be  erroneous  to  consider  all  microbic 

products  harmful.    Certain  micro-organisms  are  possibly  useful  and 

must  be  considered  as  collaborators  of  the  individual  whom  they 

inhabit.    Dr.  Duclos  asks  whether  microbes  do  not  accomplish  a 

complementary  digestion  nearly  as  important  as  digestion  properly 

80  called.    In  fact,  it  is  certain  that  several  substances  are  not  trans- 

fonned  without  the  intervention  of  microbes.    Such  is  notably  the 

case  T^ith  cellulose.    It  can  be  seen,  therefore,  how  complex  this 

problem  is  and  how  interesting  it  would  be  to  exactly  determine  the 

role,  importance,  and  signification  of  microbic  fermentations  in  the 

processes  of  digestion  and  nutrition.^ 

^'e  shall,  therefore,  endeavor  to  give  a  resume  of  our  knowledge 
of  this  subject. 

As  far  as  the  carbohydrates  are  concerned,  transformation  by  the 
digestive  juices  consists  in  the  production  of  dextrin  and  sugars 
'glucose, levulose, maltose).  The  microbes  form  analogous  substances 
^)^  saccharifying  the  starch  or  by  interverting  saccharose.  Fermen- 
^tion  may,  however,  go  further  and  give  rise  to  ethylic  alcohol. 
This  fact  is  of  great  interest,  since  it  perhaps  accounts  for  the 
presence  of  alcohol  in  the  liver  and  brain  of  animals  which  have 
never  ingested  this  substance  (J.  Bechamp,  Rajewski). 

There  is  another  series  of  bodies  due  to  the  action  of  figurate  fer- 
°^^nts,  namely:  lactic,  acetic,  butyric  acids,  etc.  These  acids  are 
Specially  abundant  in  herbivora. 

Microbes  are  able  to  break  up  neutral  fats,  but  they  act  more 
Wicularly  upon  albuminoids.  Along  with  peptones,  attributed  to 
^^^  action  of  the  pancreatic  juice,  there  are  amidat^  acids,  leucin, 
^J'Tosin,  hypoxanthin,  aspartic  acid,  and  cinnamic  acid ;  bodies  of  the 
aromatic  series,  indol,  phenol,  skatol,  and,  finally,  various  gases, 
carbonic  acid,  hydrogen,  sulphuretted  hydrogen,  and  ammonia.  We 
"^^'e  already  stated  that  all  these  bodies  are  likewise  produced  when 
^'huminoid  substances  undergo  putrefaction.  It  is  important  to 
^^termine  what  modifications  are  properly  due  to  the  pancreatic 
J^ce.  The  question  has  been  studied  by  Kiihne.  By  accomplish- 
"^8  artificial  digestion  in  a  medium  containing  2  per  1000  of  salicylic 
^^id,  he  prevented  the  development  of  germs  and  observed  the  pro- 
duction of  peptones  and  amidate  acids,  but  he  found  no  aromatic 

^^r.    Art.  Phjrsiologie  de  Tintestin.      Diet,  encyclop.  des  sc.  mddicales,  Paris, 
»  4  sftie,  t.  xvi. 
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subetanees  or  gases.  C^her  eiqierimenters  have  obtained  the  sami 
results.  It  may,  therefore,  be  stated  that  the  intestinal  gases  m 
aromatic  substances  depend  upon  the  life  of  the  microbes.  TU 
fact  explain.s  the  absence  of  these  substances  in  the  intestine  of  th 
fetus  and  the  newborn. 

Toxicmr  of  Fecal  M-\tters.  Prof.  Bouchard  was  the  first  t 
show,  in  1882,  that  fecal  matters  contained  alkalcnds,  some  of  whic 
are  soluble  in  chloroform  and  others  in  ether.  Fecal  matter,  studie 
without  separation  of  soluble  substances,  is  highly  toxic.  Accoitfin 
to  Prof.  Bouchard,  the  extract  of  seventeen  grams  is  sufficient  t 
kill  a  rabbit  of  one  kilogram  with  diarrhea  and  convulsions.  Tl 
poisons  are  e\'idently  manifold.  A  great  part  of  the  noxious  effec 
is  due  to  potassiiun  salts  and  ammonia.  In  fact,  if  these  salts  ai 
eliminated,  the  extract  of  298  grams  of  feces  is  required  to  kill  tb 
animal.  It  is  certain  that  these  figures  have  no  absolute  value  an 
that  the  toxicity  of  the  matters  is  not  constantly  the  same. 

From  a  toxicological  standpoint  it  may  be  stated  that  alcoholi 
extracts  are  generally  less  active  than  aqueous.  As  to  the  toxicit 
of  diarrheal  feces,  those  obtained  during  the  stationary  period  a' 
the  most  noxious.  The  feces  of  a  patient  already  convalescent  ha^ 
been  found  less  toxic  than  normal  fecal  matters. 

Variations  of  Gastrointestinal  Putref.\ctions.  The  i 
tensity  of  gastrointestinal  putrefaction  varies  considerably  with  t 
diet.  Veal,  particularly  that  of  very  young  calves,  forms  in  the  ; 
testine  a  sort  of  jelly  which  is  difficult  of  absorption  and  offers 
favorable  pabulum  for  microbes.  On  the  other  hand,  milk  d 
checks  putrefaction  (Biemachi)  by  reducing  the  number  of  bacte 
f Gilbert  and  Dominici).  Even  outside  the  organism  this  fact  1 
been  obser\'ed.  If  milk  is  added  to  a  mixture  of  muscles  and  pf 
creas,  at  the  end  of  four  days  neither  indol,  skatol,  leucin,  nor  tyro 
is  found  ('Wintemitz). 

Among  the  disturbances  arising  from  autointoxications  of  int 
tinal  origin  the  most  serious  are  those  following  ingestion  of  putref 
moat,  often  characterized  by  grave  and  at  times  fatal  symptoi 
The  best  known  type  of  these  disturbances  is  botulism  or  allantia 
It  has  been  well  studied  in  Germany  where  alimentary  intoxicate 
are  frequent  from  the  use  of  imperfectly  cooked  sausage,  which  i 
infrequently  contains  a  great  amount  of  ptomains  and  microbes. 

»  For  the  study  of  alimentary  intoxications,  consult :  Netter,  Dea  poisons  chimi< 
(pii  apparaissent  dans  les  mati^res  organiques  en  decomposition,  et  des  maladies  q 
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Alimentary  poisoning  does  not,  however,  always  assume  the  grave 
appearance  observed  in  typical  cases  of  botulism.    Simple  gastro- 
intestinal disturbances  often  follow  the  ingestion  of  slightly  altered 
meat  or  other  tainted  food.    There  is  vomiting,  though  not  in  every 
case,  and  especially  diarrhea,  which  is  profuse  and  extremely  fetid. 
Id  these  instances  the  process  is  one  of  intoxication,  the  elements 
of  which  originate  in  the  intestine  under  the  influence  of  microbes 
contained  in  the  food. 

Dr.  Cassedebat*  found  in  preserves  numerous  toxic  alkaloids,  sev- 
eral of  which  resisted  boiling.     Under  the  influence  of  alkaline  bicar- 
booates,  some  of  them  produced  a  penetrating  and  persistent  odor 
which  is  also  found  in  the  air  exhaled  by  animals  which  have  ingested 
these  toxic  bases. 

Tainted  fish  and  preserved  fish  represent  another  source  of  danger. 
Brieger,  Gautier,  and  others  have  discovered  numerous  ptomains 
engendered  in  putrefied  fish.  Disturbances  are  frequent  as  a  result 
of  the  ingestion  of  sardines,  salmon,  and  particularly  codfish.  The 
process  is  the  same  as  in  the  case  of  meat.  We  must  take  into 
account  both  the  microbes  and  the  ptomains  which  are  secreted  by 
them,  as  was  demonstrated  by  Duvillier. 

Crustaceans  and  moUusks  decompose  more  easily  than  fish.  The 
disturbances  produced  by  tainted  prawn  and  crabs  have  long  been 
described.  One  of  the  most  remarkable  observations  is  that  reported 
by  Dr.  Rapin  (of  Lausanne)  in  1877.  Crabs  were  consumed  one  day 
without  inconvenience;  the  following  day  nine  persons  ate  some. 
After  a  period  of  incubation  of  sixteen  to  fifty-five  hours,  those 
who  had  eaten  began  to  vomit,  had  sanguinolent  diarrhea,  and 
presented  a  scarlatinoid  eruption.  One  of  the  victims  died  on  the 
twenty-third  day  with  typhoid-like  symptoms.  A  dog  which  in- 
Psted  some  of  the  crabs  manifested  no  disturbance.     . 

Such  accidents  are  most  often  due  to  preserved  lobster,  which, 
while  always  unhealthful,  is  particularly  dangerous  when  the  con- 
fer has  been  open  for  a  day  or  two. 

A  ptomain,  tyrotoxin,  as  already  stated,  is  found  in  tainted  milk, 
^e  same  is  encoimtered  also  in  spoiled  cheese,  ice-cream,  ices,  and 

P^'^ent  provoquer.  Arch.  g6n.  de  m^decine,  1884;  Roger,  Fermcntation.s  et  putr<^fac- 
^°°*  intestinales.  Gaz.  des  hdpitaux,  March  31,  1888.  Polin  et  Labit,  Etude  sur  les 
^Poisonnements  atimentaiies.  Paris,  1890.  (This  is  a  very  complete  and  highly 
"***'*«ting  monograph.) 

Oaasedebat.  Bact^ries  et  ptomaines  des  viandes  de  conserves.  Revue  dTiygi^ni*, 
^890,  p.  859. 
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certain  cakes.    Altered  milk  causes  disturbances,  especially  in  c 
dren,  and  at  times  even  infantile  cholera. 

Condensed  milk  quite  often  becomes  altered  and  liberates  g£ 
which  force  off  the  cover  of  the  can.  Dr.  Cassedebat,  who  has  m. 
a  study  of  preserved  milks,  discovered  no  microbes  in  them,  but  o 
aspergillus  and  a  few  mucedinea.  Although  harmless,  the  prepf 
tion  is  not  then  fit  for  consumption. 

Autointoxications  of  Gastrointestinal  Origin.  No  mal 
how  produced,  a  diarrhea  is  attended  by  intense  intestinal  pu 
faction,  as  we  have  already  reported.  Are  the  poisons  thus  fom 
absorbed?  Stich  believed  they  were  not.  At  the  present  day,  hi 
ever,  there  can  be  no  doubt  that  they  are.  The  terrible  offensivei 
of  the  breath  suffices  to  demonstrate  this.  In  such  cases  P 
Bouchard  was  able  to  discover  considerable  quantities  of  ptomf 
in  the  feces  and  urine.  He  found  as  much  as  15  milligrams 
1000  grams  of  fecal  matters,  while  the  urine  contained  fifty  tii 
more  than  under  normal  conditions.  In  more  serious  instances 
diarrhea,  fermentation  at  times  produces  ammonia  which  may  { 
rise  to  capillary  thrombosis  (fermentative  thrombosis  of  Hlava),  a 
secondarily,  to  pseudomembranous  ententes,  with  superficial  necr 
of  the  mucous  membrane. 

While  putrefaction  is  increased  in  cases  of  diarrhea,  in  casej 
constipation,  on  the  other  hand,  stagnation  of  the  fecal  mat 
becomes  a  cause  of  intoxication  by  the  absorption  which  it  fav 
Therefore,  a  certain  number  of  symptoms  which  are  of  the  si 
nature,  though  not  as  intense  as  those  of  diarrhea,  are  caused 
constipation.  In  fact,  in  both  instances  there  is  cephalalgia,  fatij 
nervous  disturbances,  and  tumefaction  of  the  liver.  It  is  to 
noted,  however,  that  in  constipation  the  matters  accumulated  in 
intestine,  being  excessively  hard,  do  not  readily  allow  the  transi 
tion  of  the  toxins  they  contain. 

Constipation  exerts  curious  effects  upon  the  constitution  of 
blood.     By  causing  coprostasis  in  animals,  Vanni^  noticed  that 
red  corpuscles  diminished  in  number  and  became  less  resistan^ 
destructive  agents. 

Although  constipation  is  generally  well  borne  by  healthy  indi 
uals,  this  is  not  the  case  in  those  who  have  received  some  trau 
tism,  in  confined  women,  and  in  persons  upon  whom  laparotomy 

1  Vanni.     SuU'  origin  intestinale  della  clilorosi.     II  Morgagni,  1893,  p.  533. 
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been  performed.  In  more  than  one  such  case  febrile  paroxysms  have 
appeared  which  might  well  be  suspected  as  symptoms  of  septicemia, 
but  which  have  vanished  with  eva<;uation  of  the  bowels  simply  by 
the  administration  of  an  enema/ 

The  old  surgeons  were  not,  therefore,  wrong  in  preparing  their 
patients,  and  intestinal  antisepsis  practised  for  a  few  days  before 
abdominal  operations  renders  real  service. 

btestinal  obstruction  under  all  its  forms — internal  strangulation, 
invagination — presents  the  most  striking  picture  of  digestive  auto- 
intoxication. The  theory  of  reflex  action  cannot  account  for  the 
clinical  manifestations,  and  it  has  yielded  to  the  toxic  theory.  In 
fact.  Senator  has  shown  that,  by  lavage  of  the  stomach,  it  is  possible 
to  cause  the  momentary  disappearance  of  the  symptoms  of  obstruc- 
tion and  that,  by  repeating  this  procedure,  a  cure  may  be  effected. 
This  successful  result  has  since  been  observed  by  several  physicians, 
notably  by  Drs.  Bouchard  and  Chantemesse. 

Prof.  Bouchard  has  emphasized  the  importance  of  gastric  intoxi- 
cations by  the  study  of  dilatation  of  the  stomach.  Without  intoxi- 
cation it  was  impossible  to  explain  the  various  manifestations  ob- 
^rved^  especially  the  nervous  symptoms  which,  in  their  mildest 
forms,  are  characterized  by  prostration  and  a  feeling  of  exhaustion  at 
^h^  moment  of  wakening,  and,  in  their  graver  expression,  terminating 
^  aphasia,  vertigo,  tetany,  and  coma.  Fetid  sweat,  cutaneous  erup- 
tions, congestion  of  the  liver,  albuminuria,  peptonuria,  trophic  dis- 
turbances, notably  the  nodes  of  the  second  phalanges,  are  likewise 
referable  to  the  formation  of  poisons.  A  few  authorities  go  further 
and  believe  the  same  process  is  responsible  for  the  deeper  alterations 
^f  the  osseous  system,  osteomalacia  in  adults,  and,  according  to 
^^'  Combv,  rachitis  in  children. 

Poorly  digested  substances  are  easily  attacked  by  microbes  in  the 
stomach  and  intestine.  When,  however,  digestive  disturbance  is 
attended  by  hyperchlorhydria,  extremely  toxic  substances  are  pro- 
duced in  the  stomach  which  are  responsible  for  dyspeptic  tetany  and 
coma.  Tlie  question  has  been  very  carefully  studied  by  Kulneff, 
'^uveret,  and  Devic,  but  it  is  still  unknown  what  part  is  to  be  attrib- 
t^^^d  to  microbes  in  the  genesis  of  these  poisons  and  of  ethyldiacetic 
acid.  This  acid  has  been  credited  with  an  important  r61e  in  the 
Pathogenesis  of  comatose  phenomena,  analogous  to  those  produced 

Kustner.  Zur  Kritik  der  Beziehungen  zwischen  Faecalstase  und  Fieber.  Zeit<*chr. 
fu^klin.Med.,  1882,  Bd.  V. 
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by  diabetes,  which  are  observed  in  dyspepsias,  dilatation,  ulcer,  o 
cancer  of  the  stomach,  and  after  the  ingestion  of  tainted  meat. 

The  experiments  of  Dr.  Boix^  demonstrate  that  butyric  acid  i 
capable  of  inducing  atrophic  cirrhosis;  lactic  and  valeric  acids  exer 
a  similar,  though  less  intense,  action ;  acetic  acid  is  the  most  hannfuJ 
for  it  is  sclerogenous  and,  at  the  same  time,  produces  cellular  degen 
erations. 

Here  is  a  series  of  facts  which  conclusively  establish  that  secretor 
disturbances  and  putrefactions  of  the  alimentary  canal  give  rise  U 
a  great  number  of  noxious  products  which  are  capable  of  causini 
immediate  accidents  or,  in  the  long  nm,  induce  visceral  lesions. 

Finally,  it  is  well  to  remark  that  in  cases  of  nephritis,  hepati 
affections,  cardiopathies,  morphinomania,  tuberculosis,  and  evidentl 
also  in  typhoid  fever  and  cholera,  there  are  profound  alterations  i 
the  stomach  and  intestine,  and,  consequently,  putrid  fermentatioi 
are  produced,  the  effects  of  which  are  added  to  those  of  the  prima 
disease. 

The  Toxins  of  the  Pathogenic  Microbes. 


Multiplicity  of  Microbic  Toxins.  The  idea  of  attributing  t 
development  of  infectious  diseases  to  intoxication  is  very  old.  - 
the  presence  of  bacteriology  it  seemed  for  a  moment  to  have  lo 
ground.  Soon,  however,  the  first  experimenters  themselves  hegi 
to  suspect  that  microbes  are  not  everything,  and  that  toxins  secret* 
by  them  played  a  r61e  of  prime  importance.  Diligent  and  method 
researches  were  undertaken  on  every  hand  and  a  great  number 
toxic  bases  of  microbic  origin  were  described. 

Most  of  these  bases  do  not  contain  oxygen,  and,  like  the  analogo 
alkaloids  found  in  highly  organized  plants,  they  are  not  crystallizabl 
They  are  oily,  colorless  substances,  with  a  cadaveric  odor,  seldo 
with  an  agreeable  one.  They  are  soluble  in  alcohol,  ether,  and  i 
the  usual  solvents  of  alkaloids,  and,  like  them,  form  salts  whi< 
crystallize.  Other  less  numerous  bases  are  oxygenated  and  cons 
quently  crystallizable. 

These  results  seemed  to  demonstrate  the  analogy  between  bacteri 
and  vegetable  alkaloids.    Soon,  however,  objections  were  raised, 
was  pointed  out  that  the  ptomains  extracted  from  cultures  were  f 
from  possessing  the  same  toxic  potency  as  the  total  culture,  and  d 

*  Boix.    Le  foie  dcs  dyspeptiques.    Th^se  de  Paris,  1894. 
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not  produce  the  same  phenomena.  It  was  recognized  that,  as  in  the 
case  of  putrid  poisons,  the  substances  soluble  in  alcohol  are  not  the 
most  active,  but,  on  the  contrary,  those  precipitated  by  this  liquid. 
It  seems  certain  that  the  bacterial  poisons  are  very  complex  and, 
coasequently,  very  unstable.  They  are,  therefore,  easily  decom- 
posed in  the  course  of  chemical  manipulations,  and  what  is  obtained 
at  the  end  of  the  researches  is  not  the  primary  poison,  but  one 
derived  therefrom.  The  toxalbumins,  for  instance,  probably  contain 
an  alkaloidal  nucleus  which  is  separated  from  them  on  the  slightest 
occasion.  Therefore,  one  can  never  be  sure  of  having  obtained  the 
primary  body.  Although  methods  of  investigation  have  been  mul- 
tiplied, no  absolutely  reliable  method  has  been  found. 

In  view  of  the  imcertainty  of  methods,  it  is  well  to  precisely  deter- 
nune  the  initial  toxicity  of  the  sterilized  culture.    The  active  sub- 
stances are  subsequently  separated  without  overlooking  the  fact  that 
all  reagents,  including  alcohol,  which  is  so  frequently  employed,  may 
decompose  the  toxic  molecule.     By  combining  the  methods  the 
conviction  is  reached  that  the  majority  of  microbic  poisons  are  pre- 
cipitated by  alcohol  and  adhere  to  the  precipitates  which  form  the 
various  mineral  salts  in  the  culture  fluid.    This  is,  for  instance,  what 
occurs  with  aluminum  hydrate  and  calcium  phosphate.   In  view  of 
these  chemical  results  and  of  the  fact  that  minute  amounts  produce 
violent  results,  toxins  have  been  considered  as  ferments.    Recently, 
however,  under  the  influence  of  the  researches  of  Brieger  and  Fraen- 
^^\  they  have  been  designated  by  the  vague  term  toxalbumins,  and 
^t  times  they  are  classed  with  nucleo-albumins.     It  is  to  be  remem- 
t^red  that  certain  microbic  poisons  possess  characters  comparable 
^  those  of  albumoses  and  peptones.    Hence,  the  names   toxal- 
bumoses  and  toxopeptones  applied  to  them. 

In  spite  of  the  divergencies  of  detail,  a  fact  is  manifest,  viz.,  that 
^"C  toxins  are  complex  molecules  possessing  certain  characters  of 
^  ferment.  Like  the  latter  body,  they  are  very  unstable,  adhere  to 
various  precipitates,  and  are  altered  and  decomposed  by  heat  and 
"8ht.  Like  ferments  and  albumins,  they  are  precipitated  by  alcohol, 
^d  are  only  slightly  or  slowly  dializable.  They  may,  therefore,  be 
considered  as  proteid  substances.  ''They  are,''  says  Prof.  Gautier, 
^inpUcated  ptomains." 

It  has  been  asked  whether  the  question  was  rendered  any  clearer 
'^y  comparing  toxins  to  ferments — i,  e.,  to  substances  the  nature  of 
^'^ch  is  unknown  and  which  reveal  themselves  by  their  functions 
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alone.  A  ferment  is  a  complex  substance  which  has  received  f: 
living  substance  a  certain  degree  of  vital  activity.  It  is,  as  Bucl 
states,  '*a  semiliving  matter. '*  At  all  events,  it  is  the  hig 
expression  of  lifeless  matter.  Under  these  conditions  the  actio: 
toxins  is  no  more  mysterious  than  that  of  ordinary  ferments, 
objection  which  consists  in  excluding  toxins  from  this  group  beci 
they  do  not  hydrate  albumin  and  do  not  act  upon  sugar  is  of  1 
value.  This  is  like  asserting  that  pepsin  is  not  a  ferment  bec4 
it  does  not  convert  starch  into  sugar.  The  microbic  cell,  like 
animal  cell,  possesses  different  ferments;  in  other  words,  it  is 
to  transmit  different  forms  of  energy  to  different  molecules. 

In  brief,  bacterial  poisons  are  complex  and  recognize  se\ 
origins.  The  protoplasm  of  parasites  contains  proteins  which  \ 
been  well  studied  by  Buchner.  The  culture  fluid  contains  poi 
which  are  formed  by  secretion  or  by  synthesis  and  belong  to  the  gi 
of  albuminoids.  Besides  those  already  referred  to,  there  is  one  n 
toxin  to  be  mentioned,  namely,  mucin,  which  is  encountered  in 
cultures  of  various  microbes,  notably  that  of  the  tubercle  bac 
(Weyl). 

Action  of  Toxins  upon  the  Organism.  The  effects  prodi 
by  microbic  toxins  vary  evidently  according  to  the  pathogenic  aj 
imder  consideration.  However,  the  symptoms  observed  ma} 
divided  into  three  groups.  Some  are  produced  at  the  point  of  ir 
duction  of  the  active  substance  and  constitute  the  local  lesi 
Others  express  the  impregnation  of  the  entire  economy,  and 
general  manifestations.  Lastly,  there  are  symptoms  indicatii 
selective  action  of  the  toxin  upon  some  organ,  apparatus,  or  tis 

The  local  lesions  are  not  constant.  When  any  exist  they  v 
even  for  the  same  toxin,  according  to  the  activity  of  the  latter, 
point  of  introduction,  and  the  amount  of  substance  employed, 
researches  which  I  have  pursued  with  the  diphtheria  toxin  resu 
as  follows:  When  injected  beneath  the  skin  it  produces,  as  is  kn( 
a  very  marked  edema.  When  spread  upon  a  mucous  memb: 
exposed  to  the  air,  it  gives  rise  to  the  formation  of  false  membra 
If,  however,  it  is  very  active  or  the  animal  is  highly  sensitive  b 
action,  no  local  lesion  is  produced,  but  there  occurs  a  general  inl 
cation  which  rapidly  ends  in  death. 

Toxins  also  give  rise  to  general  disturbances.    These  are  the 
symptoms  observed  when  the  poison  is  introduced  directly  intc 
veins.    No  matter  what  the  mode  of  introduction  may  be,  or  \ 
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amount  is  introduced,  the  symptoms  are  never  manifested  instan- 
taneously. Contrary  to  what  occurs  immediately  after  an  alkaloid 
is  injected,  in  most  microbic  intoxications  there  is  a  period  of  latency 
which  lasts  from  a  few  hours  to  a  day  or  two.  The  most  impor- 
tant general  manifestation  is  fever,  which  is  accompanied  by  other 
phenomena:  urinary  disorders,  secretory  modifications,  exchanges 
of  gases,  etc. 

^Tien  the  toxin  is  absorbed  or  when  it  is  injected  directly  into  the 
blood  it  may  produce  in  the  viscera  a  series  of  accidents  varying 
^ith  the  poison  and  the  animal.  They  consist  in  functional  disturb- 
ances or  in  lesions,  notably  cellular  degenerations.  It  is  conceivable 
therefore,  that  if  immediate  death  is  avoided  the  intoxicated  animal 
W  later  succumb  to  a  progressive  cachexia  which  is  sufficiently 
accounted  for  by  the  numerous  visceral  alterations  discovered  at  the 
necrops}'.  In  other  instances,  an  organ  having  been  more  particu- 
larly affected,  some  organic  affection — chronic  nephritis,  myocardi- 
ti-S  cirrhosis,  or  myelitis — is  developed,  which  pursues  its  own  inde- 
pendent course. 

Description  of  Principal  Toxins.  Among  infectious  diseases 
there  is  a  group  the  pathological  physiology  of  which  is  incompre- 
hensible if  the  action  of  a  toxin  is  not  admitted.  I  refer  to  those 
^ladies  the  pathogenic  agent  of  which  remains  localized  at  the  point 
^^  introduction,  viz.,  diphtheria,  tetanus,  cholera,  gaseous  gangrene, 
and  symptomatic  anthrax. 

'^^^  diphtheria  toxin,  discovered  by  Roux  and  Yersen,  may  be  verj- 
active,  its  energy  not  being  necessarily  related  to  the  pathogenic 
P^^er  of  the  culture.  A  very  virulent  bacillus  is  not  necessarily 
^'^f>'  toxinogenous.  An  active  toxin  is  that  which  kills  a  guinea- 
P?of  an  average  weight  in  a  dose  of  0.1  c.cm.  With  the  bouillon  of 
^^in,  0.002  c.cm.  suffices  to  kill  a  guinea-pig  weighing  500  grams, 
^'^e  remember  that  one  cubic  centimetre  of  the  fluid  gives  one  cen- 
tigram of  dry  residue,  say  0.0004  of  organic  matter,  and  that  the 
t^xin  represents  only  one  part  of  this  organic  matter,  we  can  conceive 
the  prodigious  activity  of  the  diphtheritic  poison.  An  ordinary  diph- 
tneria  toxin  is  sufficient  to  poison  a  weight  of  li\'ing  being  20,000,000 
tunes  greater  than  its  own. 

Among  the  chemical  substances  which  diminish  the  energy  of  this 
toxin  are  lactic,  acetic,  and  tartaric  acids.  However,  by  again  neu- 
tralizing the  medium,  we  may  in  great  part  at  least  renew  the 
toxicity.    Oxidizing  bodies,  such  as  potassium  permanganate,  neu- 
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ralize  its  effects.  The  reducing  substances,  such  as  sulphurette 
lydrogen,  are  indifferent.  Iodine  trichloride  and  iodin-wat< 
veaken  the  action  of  the  toxin  and  permit  its  employment  as 
raccine. 

All  animals  are  not  equally  sensitive  to  the  diphtheritic  poison,  aJ 
hose  which  are  refractory  to  the  living  bacillus  are  so  to  the  tox: 
rhe  guinea-pig  is  readily  poisoned  by  it ;  the  rabbit  is  less  susceptil 
md  the  dog  still  less.    The  mouse  and  the  rat  endure  high  doses 

Subcutaneous  injection  produces  a  local  edema,  which  is  ofl 
rery  marked,  and  congestion  of  the  corresponding  ganglia.  In  1 
abbit  it  is  followed  by  the  formation  of  pseudomembranes,  ofl 
rery  extensive  and  thick,  occupying  the  larynx,  trachea,  and 
imes  the  intrapulmonary  bronchial  tubes.  Upon  the  exposed  n 
;ous  membranes  the  lesion  remains  local.  When  introduced  into  1 
ilimentary  canal,  this  toxin  produces  no  effects. 

Subcutaneous  or  intravenous  injection  of  the  toxin  is  not  follow 
)y  any  immediate  symptoms.  At  the  end  of  a  period  which  vai 
vith  the  activity  of  the  poison  and  the  quantity  introduced,  i 
piinea-pigs  become  cold  and  are  seen  to  stay  in  a  corner  of  th 
:age ;  they  subsequently  fall  into  a  somnolent  state  and  die  in  hy] 
hermia.  Rabbits  frequently  suffer  from  diarrhea.  At  the  necroj 
)ulmonary  congestion  and  edema,  pleural  effusion,  congestion,  a 
it  times  hemorrhages  into  the  suprarenal  capsules  are  found  in  i 
^inea-pig.  In  the  rabbit  the  dominant  changes  are  intense  cong 
ion  of  the  liver  and  kidneys,  with  fatty  degeneration  of  the  ce 
vhile  the  suprarenal  capsules  are  generally  intact. 

When  very  small  doses  are  injected,  paralytic  phenomena,  es 
'ially  in  the  rabbit,  may  be  observed  during  life.  At  the  necro] 
ilterations  of  the  nervous  system  are  frequently  discovered.  It  is  a 
n  such  cases  that  myocarditis  is  found,  which  has  been  well  stud 
)y  Mollard,  Regaud,  and  others. 

The  Tetanic  Toxin.  In  the  early  studies  of  tetanus  experiment 
esorted,  as  is  commonly  the  case,  to  complex  methods,  which  sub 
luently  were  replaced  by  simpler  procedures.  Brieger,  who  was 
irst  to  investigate  the  poison  of  tetanus,  endeavored  to  obtain  chei 
'.ally  defined  bodies.  By  experimenting  upon  the  arm  of  a  n 
luflfering  from  tetanus,  and  upon  impure  cultures,  he  obtained,  ap 
rom  the  putrefactive  bases  already  known,  fom*  new  bases:  t-etar 
v'hose  chemical  composition  is  established  by  him  to  be  CjjHj^N, 
md  causes  trismus  and  then  generalized  tetanus  in  the  mo\] 
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tetanotoxin,  which  produces  convulsions  or  paralyses;  spasmotoxin, 
which  gives  rise  to  clonic  and  tonic  spasms ;  lastly,  a  base  which 
stimulates  the  salivary  and  lacrymal  secretions. 

Kitasato  and  Weyl,  experimenting  with  pure  cultures,  detected 
tetanin  and  traces  of  tetanotoxm,  but  these  bases  act  only  in  enor- 
mous doses.  As  a  matter  of  fact,  the  true  poison  is  of  a  different 
nature,  as  has  been  demonstrated  perfectly  by  Kund  Faber.  This 
author  simply  filters  the  culture  fluid  through  porcelain  and  obtains 
a  toxin  resembling  diastases,  which  is  destroyed  by  alcohol  or  a  tem- 
perature of  149®  F.  (65°  C).  Injected  into  animals,  it  produces 
tetanus  after  a  period  of  incubation.  It  behaves,  therefore,  like 
the  diphtheritic  toxin. 

A.t  present  it  is  known  that  the  tetanic  poison  is  more  of  an  albu- 
muioid  nature  than  a  ptomain.    Obtained  by  filtration  of  cultures, 
the  poison  is  of  such  strength  that  ^  o  oS  o  o  c.cm.  suflSces  to  kill  a 
mouse.     Dr.  Nicolas,  having  accidentally  pricked  his  own  skin 
with  the  point  of  a  needle  charged  with  the  toxin,  was  taken  sick, 
after  four  days,  with  tetanus  which  proved  to  be  of  a  benign  char- 
acter. 
Two  theories  have  been  advanced  with  regard  to  the  pathological 
phyaiology  of  tetanus :  one,  originated  by  Autokeatow  and  developed 
by  Counnont  and  Doyon,  admits  an  action  of  the  poison  upon  the 
sensory  nerves;  the  other,  defended  by  Bnmer,  assumes  increased 
excitability  of  the  nerve  centres — i.  e,,  a  modification  analogous  to 
that  produced  by  strychnine. 

The  Cholera  Toxin.  The  choleraic  poison  was  first  studied  by  Petri, 
who  considered  it  as  a  toxopeptone,  and  by  Hueppe  and  Scholl,  who 
cultivated  the  vibrio  in  egg  albumin  without  being  able  to  completely 
remove  from  their  preparations  of  toxin  sulphuretted  hydrogen  and 
^cohol  (Gruber  and  Wiener). 

The  question  has  further  been  studied  by  Westbroock,  who  ob- 
tained a  hypothermizing  poison ;  by  Sanarelli,  who  isolated  a  toxin 
^ting  through  the  alimentary  canal ;  by  Brieger  and  Fraenkel,  who 
P^pared  an  imstable  protein.  The  most  important  contributions 
■^^e  come  from  Pfeiffer  and  Ransom.  The  results  are,  however, 
contradictory.  Pfeififer  asserts  that  the  poison  resides  in  the  body 
of  the  microbe,  while  Ransom  contends  that  the  toxin  is  a  soluble 
substance  which  resists  a  temperature  of  212°  F.  (100°  C.)  and,  in 
f^  doses,  causes  death  in  collapse ;  in  high  doses,  its  action  is 
^n^taneous. 
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The  question  was  taken  up  and  completely  studied  by  Drs.  Mete 
nikoff,  Roux,  and  Taurelli-Salimbeni.  These  authorities  began  1 
exalting  the  vibrio  by  means  of  a  very  ingenious  procedure,  whi 
consists  in  cultivating  it  in  small  capsules  of  collodion  introduc 
into  the  peritoneum  of  guinea-pigs.  When  the  microbe  has  becoi 
quite  energetic,  it  is  transferred  to  a  fluid  containing  2  per  cent, 
gelatin,  2  per  cent,  of  peptone,  and  1  per  cent,  of  sea  salt.  The  m( 
active  poison  is  obtained  on  the  third  or  fourth  day.  A  dose 
0.3  c.cm.  per  100  grams  kills  a  guinea-pig  in  sixteen  to  tweuty-f( 
hours.  This  poison  differs  from  the  cholera  and  diphtheria  tox 
in  that  it  resists  boiling.  It  is  destroyed  by  sunlight,  precipita 
ammonium  sulphate  and  strong  alcohol.  Injected  into  guinea-pi 
it  produces  prostration,  meteorism,  and  diarrhea.  The  aniir 
succumb  in  hypothennia. 

Toxins  of  Gaseous  Gangrene  and  Sjrmptomatic  Anthrax.  The  ba< 
of  gaseous  gangrene  and  of  symptomatic  anthrax  are  two  ver\'  clos 
related  anaerobics.  They  resemble  the  preceding  microbes  in  tl 
tendency  to  remain  localized,  although  thej'^  invade  the  organ! 
more  easily,  at  least  when  the  question  is  one  of  small  laborat 
animals. 

The  poison  of  gaseous  gangrene,  studied  by  Roux  and  Chaml 
land,  and  more  completely  by  Besson,  when  injected  in  a  dose 
3  c.cm.  to  5  c.cm.  into  the  peritoneal  cavity  of  guinea-pigs  weigh 
from  450  to  000  grams  i)roduees  grave  symptoms  with  hypothern 
The  animals  recover,  however.  Introduced  subcutaneously, 
poison  give.s  rise  to  considerable  edema  and  at  times  to  an  esel 
The  latter  result  is  of  great  interest,  since  it  elucidates  the  mech 
ism  of  gangrenous  lesions.  To  kill  a  guinea-pig  of  300  to  * 
grams,  the  injection  of  5  c.cm.  to  10  c.cm.  is  required. 

It  is  not  easy  to  state  whether  the  poison  of  gaseous  gangren< 
identical  with  or  analogous  to  that  of  symptomatic  anthrax,  si: 
researches  have  not  been  ])ursued  under  altogether  similar  cor 
tions. 

The  Toxin  of  Anthrax.     AVe  now  come  to  that  group  of  micro 
which  manifest  a  tendency  to  invade  the  entire  organism.    The 
may  properly  be  headed  by  the  bacillus  anihracis  and  the  micr< 
of  chicken  cholera. 

The  preparation  of  the  anthrax  toxin  seems  to  be  quite  diffic' 
and  its  study  has  been  the  subject  of  numerous  contradictory 
searches.    The  poison  seems  to  remain  long  enclosed  in  the  bacte 
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cellale.    It  diffuses  tardily  and  only  in  media  prepared  in  a  special 

The  best  work  on  this  subject  is  due  to  Marmier.  This  author 
cultivated  the  bacillus  in  a  medium  containing  40  per  cent,  of  peptone 
and  4  per  cent,  of  glycerin.  The  active  substance  is  extracted  by 
means  of  ammonium  sulphate  and  alcohol.  If  the  culture  has  been 
kept  at  96.8°  F.  (36°  C),  the  toxin  is  slight  in  amount;  it  is  abundant 
if  the  medium  has  been  kept  at  68°  F.  (20°  C.)  for  a  fortnight.  This 
toxin,  injected  into  animals,  causes  a  fever  which  is  ushered  m  toward 
the  fourth  hour,  and  reaches  its  maximum  the  following  day.  Diar- 
rhea makes  its  appearance,  the  animals  become  thin,  cachectic,  and, 
after  convulsions,  succumb  in  hypothermia. 

Toxins  of  the  Bacilli  of  Hemorrhagic  Septicemias.  Some  researches 
have  been  made  on  various  agents  of  hemorrhagic  septicemias,  not- 
ably those  of  hog  cholera.  De  Schweinitz  found  albuminoids  (suchole- 
albumins)  and  a  ptomain  (sucholetoxin)  toxic  for  the  guinea-pig. 
^o\y  isolated  a  toxalbumin  and  a  protein.  Voges^  has  also  done 
"Important  work  bearing  on  this  subject.  His  conclusion  is,  with 
J^gard  to  the  toxins,  that  the  poison  is  contained  in  the  microbic 
<^lls.  This  is  proved  by  treating  the  cultures  with  chloroform,  car- 
bolic acid,  or  tricresol.  Subjection  to  a  temperature  of  122°  F. 
••^C.)  or  140°  F.  (60°  C.)  or  to  ebullition  for  ten  minutes  likewise 
yields  good  re.sults.  Absolute  alcohol  exerts  a  very  marked  destruc- 
^i^e  action  upon  the  toxin. 

•Wong  the  septicemic  agents  observed  in  man,  proteus  vulgaris 
°^ay  be  mentioned.  Its  sterilized  cultures  are  almost  as  active  as 
^he  li\ing  cultures  and  produce  about  the  same  general  as  well  as 
local  effects.  According  to  Foa  and  Bonome,  the  chief  toxin  is  nervin , 
^Wch  is  abundantly  present  in  the  cultures. 

Toxins  of  the  BaciUus  Septicas  Putidus.  The  soluble  products  of  the 
^-  ^^9/icM,9  putidVrS  are  very  active.  Half  a  cubic  centimetre  is  suffi- 
^^^nt  to  kill  one  kilogram  of  rabbit  within  five  to  fourteen  days.  A 
dose  of  20  c.cm.  to  30  c.cm.  kills  in  a  few  hours,  and  45  c.cm.  proves 
fatal  in  a  few  minutes.  In  such  acute  cases  there  is  paresis  and 
convulsions,  death  supervening  by  arrest  of  respiration. 

The  Pyocyaneas  Toxin.  Like  the  preceding,  this  bacillus  may  be 
obsen^ed  in  man,  but  its  chief  interest  is  due  to  the  experimental 

^'  Voges.  Kritische  Studium  und  exp.  Untersuchungen  uber  die  Bakterien  der 
namorrha^hen  Septikamie  und  die  durch  sie  bewirkter  Krankheitsformen.  Zeitschr. 
fur  Hygiene  und  Infektionskrankheiten,  1896,  Bd.  xxiii. 
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researches  to  which  it  has  been  subjected.  Everyone  is  aware  * 
the  interesting  work  of  Charrin,  who  was  able,  with  sterilized  culture 
to  produce  in  animals  symptoms  identical  to  those  caused  by  tl 
microbe  itself. 

The  Toxins  of  Oolon  Bacillus.  On  accoimt  of  the  important  ro 
which  the  colon  bacillus  plays  in  the  organism,  even  under  norm 
conditions,  it  is  proper  to  give  it  special  attention  in  this  cursoi 
review. 

The  soluble  products  secreted  by  this  microbe,  or  rather  by  tl 
various  bacteria  constituting  the  group  of  colon  bacilli,  have  be 
well  studied  by  Denys  and  Brion,  and  particularly  by  Gilbert.*  Fr( 
these  researches  it  is  shown  that  the  toxins  of  the  colon  bacillus  i 
of  varying  potency  according  to  the  virulence  of  the  germ;  moreov 
they  are  the  more  powerful  the  older  the  culture.  Nevertheless, 
cause  death,  Gilbert  had  to  inject  very  large  doses,  varying  fr< 
37  c.cm.  to  74  c.cm.  per  kilogram  of  animal. 

Rabbits  which  receive  the  sterilized  culture  become  weak  and  1 
muscles  manifest  fibrillary  trembling.  Convulsions  and  nystagn 
then  supervene.  The  third  stage  is  characterized  by  a  viol 
tetanus,  to  which  the  animal  succumbs.  The  nervous  phenome 
depend  upon  spinal  changes  easily  discoverable  in  frogs.'  The  intc 
cation  in  this  animal  is  comprised  in  three  stages:  a  stage  of  ini' 
paresis,  a  stage  of  nmscular  hyperexcitability,  and  a  stage  of  p 
alysis.  The  tracings  which  I  have  obtained  clearly  show  that 
poison  acts  upon  the  spinal  cord  and,  secondarily,  upon  the  muse 

The  poison  of  the  colon  bacillus,  the  effects  of  which  have  just  b 
referred  to,  is  constantly  produced  in  the  intestine.  A  part  of  i 
arrested  and  transformed  by  the  intestinal  epitheliimi,  as  was  dem 
strated  by  Denys;  another  part  penetrates  the  organism.  Howei 
since  absorption  is  effected  by  the  portal  vein,  the  liver  may  exen 
a  protective  role,  and,  as  a  matter  of  fact,  we  have  established  tl 
this  gland  is  capable  of  arresting  and  transforming  the  intesti 
poisons.  That  portion  escaping  the  action  of  the  liver  is  elimina 
by  the  urine  and  contributes  to  the  toxicity  which  this  secret 
presents  under  normal  conditions.  Gilbert  justly  remarks  that  c 
tain  symptoms  are  common  to  intoxications  produced  either  by 

^  Gilbert.  Des  poisons  produite  par  le  bacille  intestinal  d'Escherich.  Soc.  de  1 
ogie,  Febniary  25,  1893,  p.  214. 

'  Roger.  Etude  sur  la  toxicit6  des  produits  solubles  du  B.  coll  communis.  A 
<le  physiol.,  July  1,  1893. 
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urine  or  by  the  colon  bacillus,  and  that,  moreover,  when  putrefac- 
tions of  the  intestine  are  checked  by  antiseptics,  the  toxicity  of  tlie 
urine  is  at  Ihe  same  time  reduced. 

Under  various  pathological  conditions  the  virulence  of  the  colon 
bscillus  increases.  In  some  instances,  the  microbe  invades  the  organ- 
ianand  produces  therein  the  soluble  substances  the  effects  of  which 
bvejuat  been  referred  to.  These  effects  are  more  pronounced  when 
tJ>e  protective  organs  of  the  economy  are  more  or  less  altered  by 
thsdiseaae. 

The  author  made  an  experimental  study  of  the  toxins  produced 
t^itolon  bacillus  representing  the  cause  of  a  variety  of  dysentery.' 

He  cultures  of  this  colon  bacillus  inoculated  into  rabbits  proved 
Wtremety  virulent.  A  few  drops  injected  into  a  vein  caused  death 
in  less  than  a  day,  at  times  in  six  hours.  This  microbe  produced 
rery  strong  toxins  in  the  culture  media.  When  the  culture  medium 
"45  composed  of  equal  parts  of  bouillon  and  serum,  instead  of  simple 
ixmiilon,  the  results  were  more  interesting.  At  the  end  of  eight  days 
the  cultyre  was  sterilized  by  means  of  chloroform,  which  was  suhse- 
luently  removed  by  decaotation  and  evaporation.  The  fluid  thus 
pfepared  was  so  very  toxic  that  ten  drops  injected  into  the  veins  of 
s  rabbit  of  2  kilograms  sufficed  to  produce  fever,  diarrhea,  and, 
Wly,  death  in  twenty-four  or  forty-eight  hours.  With  a  second 
*fnp!e,  furnished  by  a  bacillus  exalted  by  passages  through  animals, 
ISccra  to  20  com.  caused  death  within  an  hour  or  two. 

One  of  the  first  symptoms  produced  by  the  toxin  is  diarrhea, 
which  iit  at  times  extremely  profuse,  amounting  to  a  continuous 
*^acuation.  Hence  the  rapid  loss  of  weight  suffered  by  the  animals. 
^  toxin  prepared  Tiith  the  exalted  microbe  exerted  a  far  more 
™^tic  action,  but  gave  rise  to  very  little,  if  any,  diarrhea.  It 
"^y.  tlierefore,  be  admitted  that  the  intestinal  flux  eliminates  not 
Wily  the  poisons  originated  in  the  digestive  canal,  but  also  the  noxious 
wbatances  which  may  have  penetrated  the  economy. 

^  Toxiiis  of  tha  Pyoffanic  Hicrobes.  The  pus  cocci  constitute  a 
P"up,8t  the  head  of  which  we  would  place  the  staphylococcus.  The 
^'^Phylococcic  toxin  is  of  considerable  interest  with  reference  to  the 
'^"'ly  of  suppuration.  It  will  be  treated  in  the  chapter  devoted  to 
this  question.    Tlie  poison  may  likewise  give  rise  to  general  mani- 


°°(|T.    !«■  toxines  du  CDlibscillG  de  la  dyHenteric 
''""I,  IBOO.  p.  139.    Le  colit«dUe  de  la  dysenterie.    Fp 


1 30  INFECTIO  US  DISEASES. 

festations.  In  tWs  respect,  however,  its  history  is  not  so  importani 
as  that  of  the  streptococcus. 

The  study  of  the  soluble  products  of  the  streptococcus  was  firei 
made  by  Manfredi  and  Traversa.  In  a  highly  remarkable  memdn 
these  authors  have  shown  that  the  cultures  of  this  microbe,  freec 
from  all  figurate  elements  by  means  of  porcelain  filters,  are  toxic  foi 
the  frog,  guinea-pig,  and  rabbit.  In  the  last-named  animal,  thirt] 
to  fifty  minutes  after  subcutaneous  injection  of  the  filtered  fluid,  i 
certain  degree  of  somnolence  is  observed,  then  a  slight  paresis  of  tb 
extremities.    In  most  cases  the  animal  recovers  in  a  few  days. 

To  obtain  the  toxic  substances,  the  author^  cultivated  the  strep 
tococcus  in  thick  bouillon  protected  from  the  air  by  a  layer  of  oil 
The  fluid  was  filtered  at  the  end  of  fifteen  days  and  injected  into  th 
veins  of  a  certain  number  of  rabbits.  The  fatal  dose,  which  varie 
somewhat  from  one  culture  to  another,  oscillated  generally  betwee 
13  c.cm.  and  20  c.cm.  per  kilogram.  After  the  injection  the  anima 
remained  in  a  state  of  somnolence;  the  next  day  they  presented 
very  profuse  diarrhea.  Death  supervened  at  the  end  of  two  or  thr 
days. 

To  establish  the  nature  of  the  toxin  the  filtered  fluid  was  treats 
with  ten  times  its  volume  of  absolute  alcohol.  The  resulting  abu 
dant  precipitate  was  washed  with  alcohol  and  redissolved  in  a  7  p 
1000  salt  solution.  The  alcoholic  fluids  were  united  and  evaporafc 
at  a  low  temperature.  The  residue  was  then  treated  with  salt  wat( 
Two  extracts  were  thus  obtained  which  were  studied  separate! 
The  alcoholic  extract  did  not  prove  to  be  toxic.  On  the  other  han 
the  aqueous  extract  gave  rise  to  the  same  disturbances  as  the  tot 
culture,  except  that  higher  doses  were  required. 

The  toxin  of  the  streptococcus  when  submitted  to  a  temperatu 
of  219.2°  F.  (104°  C.)  is  considerably  weakened.  This  is  true  of  tl 
total  culture  as  well  as  of  the  aqueous  extract. 

The  Toxin  of  the  Pneumococcus.  The  toxin  of  the  pneumococci 
which  has  been  prepared  and  well  studied  by  Drs.  Carnot  and  Foi] 
nier,  is  so  active  that  a  few  drops  of  it  injected  into  the  lung  produ 
a  focus  of  pneimionia  characterized  by  flatness,  crepitant  r&les,  aj 
bronchial  breathing.  At  the  necropsy,  fibrinous  pneumonia,  coi 
parable  to  that  observed  in  man,  is  discovered.     By  varying  tl 

*  Roger.     Action  des  produits    solubles    du  streptocoque    de  T^O'sip^^*      Sec. 
biologie,  July  4,  1891.    Contribution  a  T^tude  exp^rimentale  du  streptocoque  de  1'^! 
sipdle.    Revue  de  m6d.,  December,  1892. 
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experimental  conditions,  other  varieties  of  pulmonary  lesions  may 
be  produced,  such  as  hemorrhagic  pneumonia,  gray  hepatization, 
and  abscess  of  the  limg. 

The  Toxin  of  Typhoid  Feyer.  The  typhoid  toxin  has  been  studied 
by  Brieger  and  Fraenkel,  who  believed  it  to  be  a  toxalbumin.  Sana- 
reUi  experimented  with  extracts  obtained  by  macerating  the  bacilli 
for  ax  months.  The  toxin  thus  prepared  produces  hjrpothermia, 
abdominal  meteorism,  mucous  and  sanguinolent  stools.  Death  occurs 
in  coma. 

According  to  Chantemesse  and  Ramond,  the  toxin  is  rapidly 
destroyed  in  the  cultures  by  oxidation.  These  authors  employ  as  a 
medium  a  bouillon  prepared  with  spleen  digested  by  fresh  pepsin 
derived  from  the  stomach  of  a  pig.  The  poison  manifests  the  great- 
est energy  on  the  fifth  or  sixth  day.  It  is  very  active  for  the  guinea- 
pig,  rabbit,  sheep,  dog,  and  especially  the  horse.  If  the  amoimt 
injected  into  a  rabbit  is  very  small,  hyperthermia  is  the  result ;  if  it 
is  large,  then  hypothermia  occurs.  At  the  same  time  diarrhea  makes 
its  appearance,  followed  by  respiratory  and  circulatory  disturbances. 
The  necropsy  reveals  congestion  of  the  intestine  and  abdominal 
oj'gans,  liver,  kidneys,  and  spleen.  In  his  more  recent  researches, 
Chantemesse  made  a  very  minute  analysis  of  the  action  exerted  by 
this  toxin  upon  the  heart  and  nervous  system. 

ToxiM  of  Glanders.  We  shall  mention  one  more  toxin,  that  of 
slanders,  which,  according  to  Finger,  produces  rapid  death,  or,  if  the 
dose  is  less  strong,  a  progressive  cachexia  accompanied  by  paralytic 
^testations.  Bab^  and  Motoc  isolated  from  the  cultures  a  sub- 
stance insoluble  in  alcohol  and  possessing  a  very  marked  thermogenic 
^tion.  Its  injection  produces  spasms,  and,  if  the  injections  are 
^P^ted,  nephritis  results,  and  death  supervenes  in  marasmus. 

Poisons  Found  in  Infected  Organisms.  Aside  from  the  poisons 
w  to  the  microbe,  the  diseased  organism  itself  elaborates  some. 
'^  may  be  divided  into  three  groups : 

1-  Poisons  produced  by  the  organism  imder  the  influence  of  patho- 
Pnic  microbes.  This  group  includes  poisons  which  cannot  originate 
^  culture  media,  the  microbes  attacking  the  constituent  elements  of 
the  invaded  organism  directly  or  through  the  ferments  which  they 
secrete. 

2.  Poisons  derived  from  the  alimentary  canal  in  the  course  of 
infections,  in  which  putrefaction  is  always  increased. 

3.  Poisons  derived  from  disassimilation,  which  is  increased  and 
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perverted.  To  this  cause  are  probably  due  the  profound  modiJ 
tions  occurring  in  the  chemical  constitution  of  the  organism  in 
course  of  febrile  maladies.  The  alkalinity  of  the  blood  is  diminid 
instead  of  representing  4  to  5  grains  (238  to  280  milligrams)  of » 
it  corresponds  to  no  more  than  about  three-fourths  of  a  grain 
milligrams),  the  change  being  due  to  the  increase  of  acids,  noti 
formic,  acetic,  diacetic,  /3-oxybutyric,  and  lactic  acids,  and  vok 
fatty  acids. 

The  increased  acidity  results  in  increased  elimination  of  ammo 
The  extractive  material  and  amidate  bodies  increase  at  the  8i 
time.  The  nutritive  disturbances  engendered  by  infections  are  i 
expressed  by  other  modifications  in  the  excretion  of  niti 
enous  bodies — i.  e.,serinuria,  globulinuria,  albumosuria,  and  prob« 
acetonuria.  To  these  should  be  added  toxalbmnins,  which  y 
detected  by  Alt  in  the  vomitus  of  choleraic  patients,  and  by  Bri( 
and  Wassermann  in  the  urine  of  an  erysipelatous  subject. 

Toxicity  of  the  Blood  and  Urine  in  Some  Infections. 
toxicity  of  the  blood  may  be  increased  in  very  notable  degree.  \ 
grave  accidents  and  death  are  the  results  when  10  c.cm.  to  15  c. 
of  the  serum  of  a  rabbit  suffering  from  anthrax  is  injected  in 
healthy  rabbit.  Bose  demonstrated  that  the  serum  of  chol 
stricken  patients  injected  into  rabbits,  in  the  proportion  of  3  c. 
to  5  c.cm.  per  kilogram,  causes  death  within  twelve  to  sixteen  h( 
with  choleriform  symptoms. 

The  toxic  substances  have  most  often  been  sought  for  in  the  in 
Some  have  been  content  to  study  its  total  toxicity;  others  1: 
endeavored  to  isolate  from  the  urine  some  definite  substance;  in  n 
cases  a  ptomain.  In  1882  Prof.  Bouchard  detected  in  the  urin 
typhoid  patients  the  presence  of  alkaloids,  of  which  he  obtained 
much  as  one  milligram  a  day.  Two  years  later  Drs.  Lupine 
Gu6rin  made  the  same  observation  in  cases  of  typhoid  fever  an 
pneumonia.  Dr.  Le'pine  further  recognized,  with  Dr.  Aubert,  1 
the  toxic  substances  of  organic  nature  are  considerably  increase 
febrile  urine,  while  mineral  poisons  suffer  no  variation. 

The  second  method  consists  in  studying  the  toxicity  of  the  u 
without  reference  to  the  nature  of  the  poison  to  which  it  is  < 
It  is  by  this  procedure  that  Prof.  Bouchard  revealed  the  sp€ 
properties  possessed  by  the  urine  of  cholera  patients.  It  maj 
stated,  without  exaggeration,  that  his  work  is  the  fimdamental  st 
on  this  subject,  and  has  been  taken  as  a  model  for  further  researe 
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E>r.  Lupine  discovered  a  toxic  alkaloid  in  the  urine  of  pneumonia 
patients.    The  amount  of  the  alkaloid  increases  in  proportion  to  the 
intensity  of  the  disease  and  possesses  the  power  to  arrest  the  heart 
m  diastole.    The  presence  of  alkaloids  in  the  urine  of  pneumonia 
cases  has  been  confirmed  by  the  researches  of  Griffiths  and  Albu. 
Researches  pursued  with  Dr.  Gamne^  showed  us,  contrary  to  all 
expectation,  that  the  toxicity  of  the  urine  diminishes  as  the  disease 
ptogresses.    At  the  end  of  the  stationary  stage  the  toxicity  is  often 
no  more  than  half  or  one-third  of  the  normal.  Later,  at  the  moment 
of  defervescence,  a  urotoxic  crisis  occurs,  and  the  toxicity  again 
rises  above  the  normal.    In  some  instances  it  exceeds  but  slightly 
the  normal  toxicity;  in  others  it  acquires  a  double,  treble,  or  even 
quadruple  value.    This  excessive  toxicity  lasts  twenty-four  to  forty- 
eight  hours.     Dining  convalescence  the  urine  presents  a  variable 
toxicity,  which  may  be  equal  to,  below,  or  above  the  normal. 

Similar  researches  have  been  made  by  various  experimenters  upon 
the  toxicity  of  the  urine  in  erysipelas,  variola,  scarlatina,  typhoid 
fever,  tetanus,  malaria,  influenza,  tuberculosis,  and  leprosy.  It  is 
curious  to  note  that,  in  most  cases,  the  poison  detected  in  patients 
^  of  alkaloidal  nature,  while  the  microbic  poisons,  as  discovered  in 
^ificial  cultures,  belong  to  the  category  of  albuminoids  and  pep- 
tones. This  lack  of  harmony  is,  perhaps,  due  to  the  fact  that  the 
poisons  are  multifarious  and  that  substances  other  than  bases  have 
i^ot  sufficiently  been  looked  for.  It  is  possible,  however,  that  microbes 
^t  in  the  bodies  of  animals  otherwise  than  in  culture  media.  Finally, 

• 

It  may  be  supposed  that  the  ptomains  are  produced  by  the  organism 
Itself  reacting  in  a  special  manner  under  the  new  conditions  imposed 
^Pon  it.  As  a  matter  of  fact,  apparently  insignificant  changes  suffice 
to  completely  modify  the  physiological  action  of  organic  compounds. 
Griffiths  has  rightly  remarked  that  a  toxic  base,  propylglycocyamin, 
^  found  in  the  urine  of  patients  suffering  from  various  affections. 
This  base  is  no  other  than  creatin,  an  inoffensive  substance,  in  which 
^  atom  of  hydrogen  has  been  replaced  by  the  radical  propyl.    This 

• 

^^pk  change  has  resulted  in  a  complete  transformation  in  the  phys- 
iological action.  Klebs  has  reported  a  similar  example.  According 
^0  him,  cholera  nostras  is  dependent  upon  methylguanidin,  a  violent 
poison  derived  from  guanidin,  a  harmless  body,  by  substitution  of  a 
Poup  of  methyl  for  an  atom  of  hydrogen. 

*  Roger  et  Gaume.    Toxicity  de  Taurine  dans  la  pneumonic.    Revue  de  m6d.,  1889. 
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It  is  conceivable  that,  in  the  same  disease,  according  to  a  varietj 
of  secondary  circumstances,  autointoxication  may  be  due  to  variovi. 
substances.  The  results  of  researches  have,  therefore,  not  alway 
agreed.  The  toxicity  of  the  urine  varies  from  one  patient  to  anothe 
In  two  individuals  suflFering  from  the  same  disease  the  urine  of  ox 
may  contain  alkaloids,  while  that  of  the  other  may  be  free  fro^ 
them. 

Aside  from  the  poisons  secreted  by  the  microbes  or  produced  imd 
their  influence,  there  are  also  those  arising  from  lack  of  oxidation 
the  course  of  various  afifections.  This  point  has  been  well  esta. 
lished  by  the  researches  of  Dr.  Albert  Robin.  As  a  result  of  tl 
insufficient  transformation  of  toxic  substances  in  the  more  or  le 
disturbed  organs,  poisons  reach  the  kidneys  in  excessive  quantitic 
If  these  emimctories  are  in  a  normal  condition,  the  urine  eliminafc* 
the  noxious  bodies ;  if  not,  they  are  accumulated  in  the  economy  ' 
be  thrown  out  at  the  time  of  crisis. 

Rich  and  encouraging  as  are  the  results  of  researches  touching  tl 
question  of  intoxications  in  infectious  diseases,  other  facts  of  grej 
interest  are  sure  to  be  brought  to  light  to  clear  up  contradictioi 
and  obscurities. 


CHAPTER  V. 

MICROBIC  ASSOCIATIONS. 

^^I^rimental  Demonstration  of  the  RAle  of  Microbic  Associations.  Association  of 
Saprophytes  with  Anaerobic  and  Aerobic  Microbes.  Mechanism  of  Microbic  Asso- 
ciations. Exposition  and  Criticism  of  Various  Theories.  Application  of  £hq)eri- 
mental  Data  to  Clinical  Medicine.  Simultaneous  Evolution  of  Two  Infections. 
Successive  Infections.  Secondary  Infections.  Combined  Infections  in  the  Skin, 
in  the  Nasobuccopharjrngeal  Cavity,  in  the  Respiratory  Apparatus,  and  the 
Aiiznentary  Canal.  Secondary  Septicemias,  Their  Importance  in  the  Course  and 
in  Consequence  of  Acute  Infections.  Secondary  Infections  in  Chronic  Diseases. 
Favorable  Influence  of  Certain  Secondary  Infections. 

Experimental  Demonstration  of  the  Role  of  Microbic  Asso- 
ciations.   The  analysis  of  clinical  facts  had  long  demonstrated  the 
frequency  of  microbic  associations/    It  had  been  established  that, 
in  a  great  number  of  cases,  two  or  several  bacteria  simultaneously 
or  successively  invaded  the  organism.    To  better  comprehend  the 
signification  of  these  clinical  revelations  it  was  necessary  to  transfer 
the  question  upon  experimental  ground  and  discover  the  effects  pro- 
duced by  simultaneous  inoculation  of  two  different  microbes,  one 
pathogenic,  the  other  inoffensive.    This  the  author  undertook  to  do 
in  1889. 

The  author  first  studied  the  results  of  association  of  the  B,  pro- 
^^^ms  with  an  anaerobic  microbe,  namely,  with  a  specimen  of 
^Ptic  vibrio  which  was  not  pathogenic  for  the  rabbit.^  He  next 
^^perimented  with  the  bacillus  of  symptomatic  anthrax.^ 

Considered  as  a  simple  saprophyte,  the  B,  prodigio^us  may  be 

^i^ted  into  the  muscles  of  a  rabbit  without  producing  any  notable 

disturbance.    One  or  2  c.cm.  of  a  gelatin  culture  are  well  endured. 

^ Tiile,  however,  this  bacillus  does  not  cause  death,  it  does  not  seem 

^  be  altogether  harmless. 

H^ricourt.    Lea  aasociationa  microbiennes.    Revue  de  m^d.,  1887,  p.  905. 
Ho^r.    Quelques  effete  des  associations  microbiennes.    Soc.  de  biologie,  January 
*^'  1889. 

Hoger.   Inoculation  du  charbon  symptomatique  au  lapin.    First  note,  ibid.,  Febniary 
'  18%9.    Second  note,  ibid.,  March  30, 1889.    Des  produits  microbiens  qui  f  avorisent  le 
^'^^loppement  des  infections.    Compte  Rendu  de  TAcad.  des  Sc.,  July  29,  1889.    Con- 
^oution  a  r^tude  exp^rimentale  du  charbon  symptom.    Rev.  de  m^d.,  March  10  and 
^^  10,  1891. 
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The  second  microbe  which  the  author  used,  the  bacillus  of  symp- 
tomatic anthrax,  is  an  anaerobic  bacillus  possessing  most  of  the 
characters  of  the  septic  vibrio,  but  no  pathogenic  power  whatever  for 
the  rabbit.  It  rapidly  kills  the  guinea-pig,  producing  in  this  animal 
the  well-known  lesions  of  gaseous  gangrene.  If  the  serous  fluid  of 
a  guinea-pig  thus  infected  is  inoculated  into  a  rabbit,  no  disturbance 
results.  I  have  injected  with  impunity  quantities  varjdng  from  two 
to  ten  drops.    Of  fifteen  rabbits  thus  treated,  none  succumbed. 

Here,  therefore,  are  two  microbes  which,  even  in  considerable 
doses,  give  rise  to  no  disturbance  when  inoculated  into  the  rabbit. 

When,  however,  one  or  two  drops  of  the  gangrenous  serous  exudate 
of  the  guinea-pig  is  mixed  with  0.75  c.cm.  or  1  c.cm.  of  a  culture  of 
the  B.  prodigiosuSj  and  the  mixture  injected  into  the  muscles  of  the 
thigh  of  a  rabbit,  this  animal  dies  in  less  than  twenty-four  hours;  *^ 
times  in  eight  hours. 

The  necropsy  reveals  lesions  absolutely  characteristic  and  alto* 
gether  similar  to  those  observed  in  the  guinea-pig. 

The  microbe  which  had  proved  fatal,  owing  to  the  association  o* 
the  B.  prodigiosuSy  had  acquired  a  slight  increase  of  virulence.   Tt^^ 
serous  exudate  reinoculated  into  a  second  rabbit  caused  the  deaf>J* 
of  the  latter,  but  the  edema  fluid  of  this  second  animal  inoculate?^ 
into  a  third  produced  no  effect. 

In  a  second  series  of  researches  the  author  employed  as  auxiliary 
agents  other  microbes  than  the  B,  prodigiosus.    It  is  readily  undei*'' 
stood  that  the  field  of  these  experiments  was  limited,  for  the  autho^^ 
could  not  employ  those  bacteria  the  inoculation  of  which  was  fata^ ' 
to  the  animal.     Hence,  the  pyogenic  agents  were  chosen  for  th^ 
purposes  of  the  research,  and  first  the  staphylococcus  aureus,  th^ 
most  widely  distributed  of  all.    The  specimen  employed  was  derive(^ 
from  a  furuncle,  and  was  not  very  virulent.    It  was  found  necessary^ 
to  inject  0.6  c.cm.  of  a  completely  liquefied  gelatin  culture  witli- 
0.02  c.cm.  of  symptomatic  anthrax  in  order  to  overcome  the  resist^ 
ance  of  the  rabbit.     When  the  same  amount  of  staphylococcus  was 
injected  alone  a  large  abscess  was  the  result,  which  healed  after 
spontaneous  rupture. 

The  bacillus  proteus  vulgaris  proved  more  active.  The  injection 
of  0.25  c.cm.  of  a  liquefied  gelatin  culture  sufficed  for  the  develop- 
ment of  symptomatic  anthrax. 

Finally,  the  pyogenic  streptococcus  was  experimented  with.  In 
this  case,  however,  the  addition  of  1  c.cm.  of  a  bouillon  culture  to 
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0.02  ccra.  of  symptomatic  autlirax  culture  was  followed  bj'  no 
sjrmptoms. 

It  is  hiirdly  necessary  to  say  that  no  absolute  value  should  be 
pla«du]Km  these  results.  The  action  of  the  auxiliary  microlje  must 
vary  with  the  specimen  employed.  However,  the  experiments  above 
rpported  suffice  to  establish  the  synergic  rflle  of  two  microbes.  In 
olber  worils,  it  demonstrates  that  two  bacteria  which  are  harmless 
fm  the  animal  when  takeii  separately,  become  pathogenic  and  rapidly 
produce  death  when  they  co-o|>erote. 

Miettbic  Products  Favorable  to  Infection.  I.*t  us  now  en- 
deavor to  enter  a  little  deeper  in  this  research  and  point  out  the 
mechanLini  set  at  work  by  the  auxiliarj-  microbes  in  order  to  bring 
nlwut  the  development  of  a  virulent  disease  in  an  animal  naturally 
immune. 

To  explain  the  action  of  auxiliary  microbes  two  hypotheses  may 
be  ailvanced :  (1)  The  microbes  may  be  supposed  to  act  as  living 
efemeata  by  some  mechanical  action,  or  by  appropriating  nutritive 
substances  and  oxj-gen  destined  for  the  tissues,  thus  weakening  the 
"Wstance  of  the  latter.  {2)  It  may  be  assumed  that  the  microbes 
"trete  chemical  substances  which  locally  alter  the  nuiscles  or,  being 
Swbed,  disturb  the  general  state  of  the  invadetl  organism. 

Theiiiea  that  the  auxiliary  microbes  act  by  soluble  products  is  in 
'"naonj-  with  the  results  obtained  in  various  infections.  The  author, 
"ifwfore,  first  attempted  to  verify  the  accuracy  of  this  hypothesis, 
for  this  purpose  it  was  evidently  sufficient  to  inject  into  the  muscles 
"iiixtiire  of  symptomatic  anthrax  and  a  certain  amount  of  a  culture 
'"'piiv'ed  of  Ii\-ing  microbes.  To  secure  the  latter  the  author  stcril- 
"«1  the  fluids  by  heat.  By  employing  a  culture  of  B.  'prodiginms 
Akb  was  kept  for  ten  minutes  in  the  autoclave  at  a  temperature 
"1219.2*'  F.  (104°  C),  he  noticed  that  the  fluid  thus  prepared  acted 
'"*  the  Uviiig  culture.  It  was  only  necessary  to  employ  a  little 
fore  of  the  sterilized  culture,  namely,  I  c.cm.  to  1.5  c.cm.  This 
psrtisl  weakening  of  the  fluid  was  to  be  exjjected.  Aside  from 
"« alterations  which  heat  may  produce  in  the  active  substance, 
""Miint  is  to  be  taken  of  the  products  secreted  by  the  living  microlx) 
niieiideveloping  the  muscular  tissue. 
Similar  results  were  obtained  with  sterilized  cultures  of  proteiis 
"Id  of  stajjhylococcus.  It  was  found  necessary  to  employ,  on  an 
>^erage,  0.5  c.cm.  of  the  former  and  1  c.cm.  of  the  latter. 
The  immunity  of  the  rabbit  from  symptomatic  anthrax  may  be 
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strengthened  by  injecting  into  its  veins  a  few  drops  of  anthrax  serou 
exudate.  As  soon  as  this  is  done  the  animal  becomes  refractor 
against  the  microbic  association.  Rabbits  which  had  received  twi 
injections  at  an  interval  of  eight  days  were  inoculated  a  week  afte 
with  the  two  microbes.  They  resisted  perfectly.  A  few  of  thee 
presented  only  a  local  lesion.  The  thigh  became  edematous;  then 
a  few  days  later,  the  swelling  subsided.  In  a  certain  number  of  case 
an  abscess  was  formed  which  soon  healed  spontaneously. 

The  author  then  made  an  attempt  to  vaccinate  the  animals  agaiufi 
the  effects  of  the  microbic  association  by  previously  inoculating  then 
with  the  other  microbe — i.  e.,  the  B.  prodigiosus.  Living  or  sterilize 
cultures  were  repeatedly  injected  beneath  the  skin  or  into  the  veim 
The  results  were  always  negative  in  so  far  as  the  animals  died  whei 
they  were  subsequently  inoculated  with  the  two  microbes. 

These  various  results  prove  to  what  extent  the  experimenter  i 
able  to  vary  morbid  aptitudes.  The  rabbit  is  by  nature  immun 
from  symptomatic  anthrax.  If,  along  with  the  virus,  the  solubl 
substances  secreted  by  another  microbe  be  introduced,  the  diseafi 
is  surely  contracted.  If,  however,  an  intravenous  injection  ( 
anthrax  virus  is  previously  made  so  as  to  reinforce  the  natur 
immunity,  the  animal  is  protected  against  the  effects  of  the  microt 
association. 

The  rabbit  is  not  the  only  animal  whose  immunity  may  be  ov( 
come  by  means  of  microbic  associations.  The  results,  as  expe 
ments  have  shown  the  author,  are  similar  when  the  pigeon  is  operat 
upon,  which  is  also,  as  is  known,  refractory  to  symptomatic  anthn 

Examples  of  Microbic  Associations.  The  bacillus  of  sympi 
matic  anthrax  is  an  anaerobic  agent  to  which  that  of  tetanus  m 
naturally  be  compared.  Therefore,  the  study  of  microbic  assoc 
tions  might  well  be  resumed  with  this  microbe.  That  is  what  D 
Vaillard,  Vincent,  and  Rouget  have  done.^ 

Experimenters  first  recognized  that  cultures  of  the  tetanus  bacill 
injected  into  an  animal  not  very  sensitive  to  this  infection — viz.,  t 
rabbit — produces  a  fatal  disease  if  a  small  amount  of  B.  prodigies 
is  at  the  same  time  introduced.  Extending  experimental  analyi 
further,  investigators  established  that  the  spores  of  tetanus  8 
incapable  of  germinating  in  a  living  organism  or  of  giving  rise  to  t 

*  Vaillard  et  Vincent.  Contribution  a  T^tudo  du  tetanos.  Ann.  de  I'Inst.  Paste 
Januar>%  1891.  Vaillard  et  Rouget,  Contribution  a  I'^tude  du  tetanos.  Ibid.,  June,  18 
Note  au  sujet  de  Tdtiologie  du  tetanos.    Ibid.,  November,  1893. 
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slightest  disturbance.  The  culture  produces  symptoms  because  of 
the  soluble  products  contained  in  it,  and  not  by  virtue  of  the  figurate 
elements.  The  soluble  substances  act  rapidly  and  induce  a  fatal 
intoxication.  If  care  is  taken  to  wash  all  toxic  products  from  the 
spores,  their  injection  produces  no  efifect.  If,  however,  a  small 
amount  of  a  living  culture  of  B.  prodigiosus  is  injected  at  the  same 
time,  tetanus  develops.  Under  natural  conditions  the  phenomena 
are  analogous :  the  tetanus  spores  enter  contused  tissues  or  penetrate 
alongwith  common  bacteria,  which  promote  their  development.  All 
microbes,  however,  are  not  capable  of  playing  the  part  of  an  auxiliary. 
The  bacillus  of  Friedlaender,  the  staphylococcus  aureus,  the  strep- 
tococcus, and  B.  suhtilis  have  remained  without  effect. 

Since  the  first  publication  of  the  researches  on  microbic  associa- 
tions the  question  has  been  piu^ued  by  a  very  great  number  of 
experimenters,  among  whom  may  especially  be  mentioned  Blach- 
stein,  Zumpf,  and  MetchnikofiF,  on  microbic  associations  in  cholera; 
Sanarelli  on  the  r61e  of  the  colon  bacillus  in  the  development  of 
typhoid  infection;  Mosny  on  the  influence  of  the  soluble  products  of 
staphylococcus  in  the  production  of  pneumonia,  and  Feltz,  who 
demonstrated  that  the  toxins  of  the  colon  bacillus  increase  the  viru- 
lence of  the  haciUus  anthracis  and  of  the  staphylococcits  aureus, 

favorable  Inflaence  of  Certain  Microbic  Associations.  Although 
"1  the  majority  of  cases  microbic  associations  considerably  aggravate 
the  prognosis  of  infections,  the  reverse  may  also  be  observed.  One 
naicrobe  may  hinder  the  evolution  of  another,  and  the  organism  finds 
^  unexpected  ally  in  one  of  the  two  pathogenic  agents. 

The  starting  point  of  researches  upon  this  subject  was  the  work 
J^f  Emmerich,  who  declared  that  guinea-pigs  which  had  resisted  an 
^oculation  of  streptococcus  became  refractory  to  anthrax.  Six 
"^  after  subcutaneous  injection  into  a  guinea-pig  thus  prepared 
tl^e  anthrax  bacteria  were  altered.  At  the  end  of  twelve  or  seven- 
t^n  hours  they  were  destroyed. 

Takbg  up  this  research,  Pawlowsky  noticed  that  previous  or 
Simultaneous  inoculations  of  either  pneumobacillus,  streptococcus, 
^f>  particularly,  staphylococcus,  arrested  the  development  of  anthrax, 
"hile,  however,  these  microbes  confer  immunity  against  subcuta- 
lieous  inoculations  of  anthrax,  they  are  far  less  powerful  against 
^travenous  inoculations.  By  injecting  two  microbes,  one  after  the 
other,  mto  the  veins,  death  may  be  delayed,  but  the  animals  are  not 
saved.    These  interesting  facts  have  been  confirmed  by  further 
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researches.  In  the  experiments  of  Pavone  guinea-pigs  which  ha 
previously  been  injected  with  typhoid  bacilli  resisted  anthrax  infe< 
tion. 

To  explain  the  mode  of  action  of  microbes  which  prevent  infectio 
the  theory  of  antagonism  of  bacteria  has  been  proposed. 

Pasteur  had  long  recognized  the  importance  of  studying  the  deve 
opment  of  two  or  more  microbes  in  the  same  medium.  In  1887 1 
pointed  out  that  the  badUus  anthracis  hardly  develops  in  a  bouillo 
which  has  been  used  for  the  culture  of  the  bacillus  of  chicken  cholen 

These  observations,  however,  were  not  conclusive.  Garr6  was  ol 
of  the  first  to  undertake  systematic  researches  upon  this  interestiD 
question.  He  discovered  that  culture  media  which  are  exhauste 
by  the  vegetation  of  a  microbe  are  unfit  for  the  development  ( 
other  bacteria.  The  exactness  of  this  result  has  been  recognized  b 
various  experimenters.  On  the  other  hand,  it  has  long  been  know 
that  when  various  microbes  are  cultivated  in  the  same  medium,  a  «h 
of  struggle  for  existence  takes  place  among  them.  Some  die;  other 
survive.  If  successive  cultures  are  made,  the  same  competitio 
occurs,  and  finally,  only  one  species  remains  in  the  culture.  Thi 
is  an  instance  of  true  natural  selection.  The  most  resistant  specie 
is,  as  a  rule,  the  one  most  widely  distributed  and  the  least  pathogenic 
Such,  however,  is  not  always  the  case.  One  bacterium  may  favc 
the  development  of  another.  An  aerobic  microbe,  by  appropriatir 
the  oxygen,  may  aid  the  multiplication  of  an  anaerobic  baeteriui 
Wh(»n,  however,  associated  vegetation  is  possible,  modifications 
the  chromogenic,  toxicogenic,  and  pathogenic  functions  may  occi 
The  toxin  of  tetanus,  for  instance,  increases  the  virulence  of  certl 
pathogenic  microbes  (Roncali,  Klein).  The  streptococcus  caui 
the  diphtheria  bacillus  to  secrete  a  greater  amount  of  toxin  (v 
Schreidcr). 

Mechanism  of  Microbic  Associations;  Exposition  and  Griticu 
of  Different  Theories.  Do  the  various  results  above  describ 
enlighten  us  as  to  the  key  of  microbic  associations?  Can  it 
assumed,  for  instance,  that  a  microbe  hinders  or  favors  an  infecti 
because  it  produces  substances  which  are  harmful  or  favorable  to  1 
pathogenic  agent?  This  doctrine  has  been  advocated  by  some,  l 
it  seems  to  me  unacceptable.  It  is  contradicted  by  the  resu 
obtained  by  studying  the  association  of  sterilized  cultures  of 
prodigiosus  with  bacillus  anthracis  or  with  the  bacillus  of  symp 
matic  anthrax.    By  injectmg  beneath  the  skin  of  the  ear  of  a  rab 
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araLsture  of  0,01  c.cm.  of  a  culture  of  bacillus  anthracis  and  0.5  ccm. 
(if  a  culture  of  the  B.  -prodigiosuR  sterilized  at  230°  F.  (110°  C.),  a 
lociJ  l«aon  cliaracterized  by  swelling,  redness,  and  heat,  occurs.  The 
conlrol  animals  inoculated  with  pure  anthrax  present  a  httle  edema 
mthoul  rwlness  or  heat,  and  succumb  from  the  second  to  the  fifth  day. 
Tie  others  survive  the  inoculation  and  die  later  than  the  controls.' 
Tie  resisting  animals  have  not  become  immime.  They  die  when 
they  are  subsequently  reinoculated  beneath  the  skin  of  the  ear.  A 
Bpedal  phenomenon  only  is  produced,  namely,  an  enormous  edema, 
invaiUng  the  eyes,  the  cheeks,  the  forehead,  and  giving  a  verj'  strange 
iqjfct  to  the  face. 

If  the  fame  experiments  are  repeated  upon  guinea-piga,  diaraet- 
tically  contrary  results  are  obtained.  The  animals  which  receive  the 
miiture  of  anthrax  and  B.  prodigiosus  present  early  and  verj'  exten- 
ave  edemas  and  succumb  several  days  before  the  controls.  The 
ilifferences  are  quite  clear  when  cultures  of  low  virulence,  permitting 
3  sufficiently  long  survival  are  employed.  The  effects  are  identical 
"''lether  the  B.  jrrodigiosus  be  injected  into  the  same  point  where 
fie  anthrax  is  or  into  a  different  r^on. 

Reciprocally,  Deusclmiann  has  shown  that  the  B.  prodigwsus, 
""lich  facilitates  the  development  of  symptomatic  anthrax  in  the 
's^bit,  exerts  a  contran,'  action  upon  the  guinea-pig.  While  it 
"Mishes  the  immunity  of  the  refractory  animal,  it  enables  the 
'"Uiul  which  is  naturally  susceptible  to  resist  a  virulent  inoculation. 
These  facts  again  demonstrate  how  hazardous  it  is  to  jump  to 
BPneralizations.  They  are  also  of  special  interest  because  the}'  serve 
to  disprove  all  the  theories  offered  in  explanation  of  the  mechanism 
ot  microbic  associations. 

These  theories  are  already  very  numerous.  They  call  to  their  aid 
cither  modifications  of  diapedesis  or  of  phagocytosis,  or  an  action 
d  microbic  toxin.s  upon  the  pathogenic  agent.  According  to  Drs. 
Viillard  and  Vincent,  who  have  studied  the  adjuvant  action  of  living 
cultures  of  the  B.  prodigiosus  upon  tetanus,  the  phagocytes  are  busy 
incorporatii^  the  saprophyte  bacilli,  and,  while  they  are  engaged  in 
this  easy  pursuit,  the  tetanus  bacillus  has  time  to  develop  anil  to 
seaete  iu  toxins.  Tliis  view  was  no  longer  tenable  after  Drs.  N'ail- 
bnl  and  Rouget  recognized  that  the  soluble  products  acted  like  the 
virulent  cultures.    They  then  were  led  to  modify  their  theory  and 

'  n^r-     loflucDPe  dee  produita  solubles  du  B,  prodigioBUB  sur  riofcctton  charboD- 
t.  de  biologie,  Uny  10,  ISflS. 
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argue  that  the  microbic  products  exert  a  chemiotactic  action.  Thes^ 
products  possess  the  double  property  of  attracting  the  leucocytes  and 
of  necrosmg  them. 

According  to  Prof.  Bouchard,  the  toxins  act  by  influencing  the 
vasomotor  centres.  According  as  they  favor  or  hinder  reflex  vaso- 
dilatation, they  favor  or  hinder  diapedesis  and  phagocjrtosis  and, 
consequently,  assist  the  organism  or,  on  the  contrary,  the  microbe. 
Among  others,  the  following  objection  is  to  be  made  against  this 
theory:  In  order  to  paralyze  the  vasomotor  centres,  considerable 
quantities  of  toxin  must  be  introduced ;  in  order  to  produce  infection 
the  injection  of  a  fraction  of  a  drop  suffices.  What  is,  however,  still 
more  grave  is  the  fact  that  this  theory,  as  well  as  that  of  VaiUard, 
does  not  explain  the  variability  of  results  obtained  according  to  the 
species  operated  upon  and  the  microbe  employed.  If  the  B.  pro- 
digiosus  prevents  phagocjrtosis  when  it  is  associated  with  tetanus  or 
with  symptomatic  anthrax,  why  does  it  favor  phagocytosis  when  it 
is  combined  with  the  hadllus  anthrads? 

If,  on  the  contrary,  it  be  admitted  that  microbic  toxins  act  by 
modifying  the  germicidal  power  of  the  blood,  it  is  plain  that  the 
supervening  changes  may  inhibit  one  species  of  bacteria  and  favor 
the  action  of  another.    I  recognize  that  my  explication  is  no  more 
than  a  hypothesis  needing  experimental  control.     However,  it  is 
supported  by  some  facts.    According  to  Nissen,  the  germicidal  power 
of  the  blood  is  abolished  when  a  sufficiently  large  amount  of  microbes 
is  injected  into  the  veins.   Bastin,  after  confirming  Nissen's  discovery » 
obtained  analogous  results  by  employing  cultures  sterilized  by  means 
of  heat,  chloroform,  or  ether.    He  further  established  that  there  is 
a  relationship  between  the  dose  injected  and  the  degree  of  diminutioD 
of  the  germicidal  power.    Lastly,  he  has  pointed  out  that  when  the 
germicidal  power  is  abolished  for  one  species,  say  for  the  staphylo- 
coccus aureus,  it  may  be  so  with  regard  to  another,  the  B,  lactis 
aerogeneSj  for  instance.    If  it  is  some  day  recognized  that  the  ger- 
micidal power  is  increased  for  certain  agents,  the  demonstration  will 
be  perfect.    For  the  time  being,  however,  the  explanation  presented 
by  us  is  only  an  hypothesis,  but  it  is  the  only  one  in  accord  with  the 
results  thus  far  obtained  by  experimentation. 

Clinical  Study — Combined  Infections. 

Clinical  observation  first  led  to  experimental  researches  on  microbic 
associations.    In  its  turn,  experimentation  sheds  light  upon  facts 
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observed  in  the  sick  and  enables  us  to  comprehend  the  mechanism  of 
combined  infections. 
There  are  four  orders  of  facts  to  be  considered: 

1 .  Two  exogenous  infections  evolving  simultaneously  in  the  same 
subject. 

2.  Two  infections  evolving  successively. 

3.  An  acute  infection  attacks  an  individual  who  has  previously 
suffered  from  a  chronic  infection. 

4.  An  intereurrent  infection  favors  the  development  of  pathogenic 
gpnns  which,  until  then,  vegetated  without  any  inconvenience  upon 
the  skin  and  mucous  membranes.  This  last  group  is,  perhaps,  the 
DMst  important  of  all. 

Smnltaneoiis  Occurrence  of  Two  Infections.  When  two  infec- 
tions develop  simultaneously,  they  evolve  side  by  side,  each  preserv- 
ing its  special  characters.  An  aggravation  in  their  evolution  may 
sometimes  be  observed.  Even  then,  however,  the  two  processes 
remain  distinct.  Such  is  the  case,  for  instance,  when  two  eruptive 
fevers  develop  in  the  same  individual.  In  most  cases,  measles  and 
scarlatina  coexist.  The  two  eruptions  may  appear  at  the  same  time, 
each  developing  at  points  of  the  skin  which  have  been  spared  by  the 
other.  Each  disease  behaves  as  if  it  were  alone,  except  that,  in  many 
cases,  the  eruptions  last  for  a  shorter  time  than  usual.  The  prog- 
nosis is  in  nowise  modified. 

We  cannot  dwell  upon  all  possible  combinations.  Variola,  scar- 
'atina,  vaccinia,  typhoid  fever,  and  whooping-cough  may  occur  one 
^th  another.  Measles  may  coexist  with  whooping-cough,  typhoid 
fever  with  pneumonia,  and,  in  hot  countries,  with  malaria,  and, 
though  very  seldom,  even  with  tuberculosis. 

In  its  various  stages,_syphilis  may  be  associated  with  other  infec- 
tions. At  the  start  it  may  be  a  "  mixed  chancre,^'  resulting  from 
the  simultaneous  inoculation  of  the  syphiUtic  virus  and  that  of  soft 
Aancre.  In  these  cases,  the  soft  chancre,  the  period  of  inoculation 
of  which  is  shorter,  appears  first.  A  few  days  after  its  base  becomes 
"^d,  then  the  soft  chancre  is  healed  while  the  syphilitic  lesion  per- 
sists. The  chancre  is,  therefore,  mixed  but  for  the  middle  period 
of  its  existence.  A  similar  evolution  occurs  in  vaccinosyphilitic 
chancre.  The  vaccinal  eruption  appears  and  runs  its  regular  course. 
Afterward,  toward  the  twenty-fifth  day,  the  chancre  makes  its 
appearance  beneath  the  crusts  of  even  the  cicatrices  of  the  pustules. 
At  a  more  advanced  stage,  syphilis  may  coexist  with  tuberculosis. 
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The  result  is  hybrid  clinical  tsrpes  and  events  difficult  of  interpn 
tation. 

Secondary  Infections.  The  author  has  several  times  seen  patieni 
convalescent  from  one  eruptive  fever  contract  another.  The  secou 
infection  generally  runs  its  regular  course.  More  interesting  ai 
those  cases  in  which  diphtheria  makes  its  appearance  in  the  coun 
of  another  disease,  especially  of  scarlatina  or  measles.  It  is  then 
question  whether  this  secondary  diphtheria  is  really  due  to  an  add 
tional  infection  from  without  or  whether,  on  the  contrary,  it 
dependent  upon  exaltation  of  the  Loeffler  bacillus  already  preser 
in  the  throat  as  an  innocent  resident.  Without  absolutely  rejectin 
the  latter  interpretation,  I  believe  the  former  is  true  in  the  majorit 
of  cases,  if  not  in  all.  Out  of  a  total  of  4030  patients  affected  wit 
scarlet  fever  or  measles  that  have  been  treated  in  my  wards,  onl 
one  case  of  secondary  diphtheria  was  observed.  This  was  in  a  woma 
who  had  been  in  a  ward  close  to  one  where  diphtheria  cases  war 
treated.  It  is  well  to  recall  that  diphtheritic  manifestations  whid 
until  a  few  years  ago,  were  of  frequent  occurrence  in  hospitals  fc 
children,  have  become  altogether  rare  since  prophylactic  measure 
and  isolation  of  different  classes  of  patients  has  been  rigorousl; 
practised.  It  is,  therefore,  not  unfair  to  conclude  that  secondar 
diphtheria  originates  by  contagion. 

Development  of  tuberculous  manifestations  subsequent  to  an  acut 
infection  is  not  rare.  In  most  cases  the  course  is  rapid.  At  time 
the  process  is  one  of  caseous  pneumonia.  More  often,  however 
tubercles  invade  the  whole  organism. 

Typhoid  fever  is  not  rare  in  consumptives.  It  runs  its  course  ii 
a  regular  manner.  Subsequently,  however,  tuberculosis  assumes  ai 
acute  course. 

The  influence  of  erysipelas  is  more  complex.  Its  influence  o 
pulmonary  tuberculosis  is  never  favorable,  and  is  at  times  harmfu 
As  to  its  action  upon  local  tuberculosis,  principally  upon  lupus,  opii 
ion  is  divided  because,  perhaps,  the  results  are  variable.  Erysipeh 
developing  in  an  old  lesion  favors  its  cicatrization.  It  may  likewi: 
cause  improvement  in  neoplasms,  epitheUomata,  and,  above  al 
sarcomata.    It  acts  in  the  same  way  in  lymphadenia. 

It  may,  therefore,  be  concluded  that  while,  in  the  majority  • 
instances,  an  intercurrent  acute  infection  aggravates  a  pre-existii 
chronic  infection,  it  may,  in  some  cases,  favor  the  healing  of  son 
atonic  lesions. 
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Combined  Infections  of  the  Skin.  In  the  majority  of  diseases 
affecting  the  skin  or  the  mucous  membranes  commimicating  with 
the  exterior,  mixed  infection  is  unavoidable,  and  it  is  often  difficult 
to  determine  the  part  due  to  the  main  agent  and  that  ascribable  to 
auxiliary  agente. 

The  r61e  of  secondary  infections  is  of  considerable  importance  in 
cases  of  variola.  The  pustules  contain  a  great  number  of  pyogenic 
microbes  from  cutaneous  sources.  When  the  patient  dies  the  staphy- 
lococcus, and  particularly  the  streptococcus,  and  at  times  the  pneu- 
mococcus,  are  found  in  the  organs.  The  question  is  to  ascertain  the 
respective  role  of  the  specific  agent  and  of  the  secondary  microbes. 
Is  it  not  to  the  latter  that  the  fatal  termination  is  due?  And  can 
it  not  be  assumed  that  the  gravity  of  confluent  variola  depends 
mostly  upon  the  extent  of  suppuration,  absorption  of  secreted  prod- 
ucts in  the  pustules,  and  general  infection  of  the  organism  by  pus 
cocci?  It  is  evidently  impossible  to  precisely  answer  this  question. 
All  that  can  be  said  is  that  the  microbe  of  smallpox  is  a  genuine  pus 
coccus,  but  one  of  special  nature,  since  it  produces  pus  particularly 
rich  in  mononuclear  leucocvtes.  This  fact  authorizes  us  to  limit  the 
r6le  of  superadded  agents.  Clinical  observation  already  pointed  to 
this  conclusion,  for  according  as  the  subject  is  or  is  not  partially 
immune—according,  for  instance,  as  his  organism  has  or  has  not  been 
Diodified  by  previous  vaccination — suppuration  runs  its  course  or  is 
cut  short.  Notwithstanding  the  presence  of  pus  cocci  in  the  pustules, 
the  eruption  is  aborted. 

Combined  Infections  in  the  Throat.  What  has  just  been  said 
concerning  the  skin  may  be  repeated  with  regard  to  mucous  mem- 
branes. In  this  connection,  scarlatina  is  the  most  interesting  infec- 
tion. Under  its  influence  the  streptococcus  of  the  mouth  becomes 
exalted  and  plays  an  important  part  in  the  genesis  of  early  or  tardy 
*Dgina,  of  local  complications,  such  as  purulent  coryza,  abscess  of 
the  tonsils,  adenophlegmons  of  the  neck,  or  of  complications  in 
distant  parts,  such  as  nephritis.  The  presence  of  the  streptococcus 
^  the  various  complications  observable  in  the  course  of  scarlatina 

• 

K  so  constant  that  certain  authorities  consider  this  microbe  not  a 
superadded  agent  but  the  actual  cause  of  the  malady.  This  opinion 
IS  not  yet  supported  by  absolutely  convincing  evidence.  The  case 
of  Heubner,  everywhere  cited,  who  developed  erysipelas  as  a  result 
of  ha\ing  received  in  his  face  salivary  particles  from  a  scarlatina 
patient,  demonstrates  the  exaltation  of  the  microbe,  but  by  no  means 

10 
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its  specific  role.  There  exist  a  few  observations  of  patients  conv^ 
lescent  from  scarlatina  who  were  attacked  by  erysipelas.  The  deveJ 
opment  of  the  dermitis  without  any  contamination  is  another  proc» 
of  the  r61e  played  by  the  streptococcus,  for  facts  of  this  sort,  of  whid 
I  have  collected  nine  examples,  are  much  rarer  after  other  infections 
As  there  is  no  absolute  demonstration  that  the  streptococcus  is  the 
cause  of  scarlatina,  we  may  conclude  that  this  microbe  becomes 
exalted  under  the  influence  of  an  angina,  and  thus  becomes  capable 
of  giving  rise  to  various  complications. 

Similar  considerations  may  be  presented  with  regard  to  all  affec- 
tions of  the  throat.  In  cases  of  diphtheria,  for  instance,  a  great 
number  of  microbes  are  found  in  the  false  membranes.  It  is  quite 
evident  that  there  can  be  no  pure  diphtheritic  angina.  In  order  tc 
be  convinced  of  this  fact,  it  will  suffice  to  make  a  direct  examinatioi 
of  the  false  membranes  or  to  sow  them  on  agar-agar.  Microbic  asso- 
ciations will  always  be  found.  Angina  appears  to  be  pure  only  whei 
the  cultures  are  made  in  serum.  This  medium  being  more  favorabh 
to  the  bacillus  of  Loeffler  than  to  other  microbes,  the  specific  agem 
is  the  first  to  develop.  Is  it  right,  however,  to  conclude  that  th( 
other  bacteria  are  indifferent  because  they  vegetate  slowly  or  no^ 
at  all  in  this  medium  ?  The  tetragenus,  for  instance,  is  frequently 
encountered  in  anginas,  whether  diphtheritic  or  otherwise.  It  i 
seldom  noted,  because  it  develops  poorly  in  serum;  other  cultun 
media  are  required.  Therefore,  the  questions  put  in  reference  U 
tetanus  and  gaseous  gangrene  may  be  asked  with  regard  to  diph 
theria:  Is  the  bacillus  of  I^oeffler  capable  of  developing  alone?  I 
it  not  rather  necessary  that  it  should  be  assisted  by  common  bacteria 
the  common  pus  cocci  of  the  throat  which  prepare  the  soil  for  it? 

In  193  cases  of  sore  throat,  31  of  which  were  diphtheritic,  46  non 
diphtheritic,  116  scarlatinal,  we  made  bacteriological  researches  oi 
serum,  on  agar-agar,  and  by  direct  examinations.  The  results  variec 
considerablv  with  the  modes  of  examination  and  the  culture  media 
The  fact  is  that  all  microbes  have  not  the  same  aptitude  to  develo] 
in  such  and  such  a  medium.  The  exclusive  presence  of  the  bacillu 
of  Loeffler  upon  a  serum  tube  simply  indicates  that  this  bacillu 
possessed  a  great  aptitude  to  vegetate  in  this  medium  and  that  it 
rapid  development  checked  and  prevented  the  multiplication  of  th 
other  bacteria.  Let  another  culture  medium  be  employed,  and  th 
results  may  be  entirely  different.  The  following  table  may  give  a 
idea  of  this  fact : 
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SnrM.iBT  OP  Seventy-seven  Comparative  Obsebvations  of  Serum  and  Agar 

Cultures  from  Anginas. 

DiphtherUie  Non^iphthtrUic  rp^  i  tt  «j» 

anginas,  31  obs.  anginas,  46  o6«.  lotai  ll  oos. 

Serum.  Agar.            Serum.  Agar.  Serum.  Agar. 

Bacillus  of  Loeffler 31  16  31  16 

Streptococcua 3  16  25  28  28  44 

Tetracoccus 5  17  12  32  17  49 

SUphylococcus 1  2                      6  5  7  7 

Pneumococcus 1                      6  2  6  3 

Oidium 2  . .  1  . .  3 

B.subtilis ..                       1  1  1  1 

Undetermined  cocci 3  2                       7  2  10  4 

Undetermined  bacilli 1  2  10  13  15  15 

Filaments 1                      3  2  3  3 

Spirilla ..                        1  1  1  1 

From  the  mouth  and  nasal  fossae  microbes  may  enter  the  sinuses 
of  the  face,  the  saUvary  glands,  and  the  middle  ear  by  way  of  the 
Eustachian  tube.  The  mouth  seems  to  be  even  constantly  infected 
^  certain  diseases  like  measles.  The  microbes,  however,  remain  in 
a  harmless  state  and  give  rise  to  no  disturbance. 

Combined  Infections  in  the  Respiratory  Apparatus.  Among  the 
niicrobes  frequently  encoimtered  in  the  saliva  of  healthy  individuals 
there  is  one  which,  with  the  streptococcus  and  staphylococcus,  plays 
a  ver)'  important  part  in  the  development  of  secondary  infections — 
^^z.,  the  pneumococcus.  This  microbe  often  becomes  virulent  in 
the  course  of  the  most  varied  infections  and,  notably,  in  erysipelas. 
It  may  produce  various  inflammatory  lesions  in  the  mouth.  It  must 
^^restour  attention,  however,  on  account  of  the  complications  which 
It  may  cause  in  the  organs  of  respiration.  It  is  known  that  it  is  the 
iiiost  frequent  agent  of  the  various  thoracic  complications  of  infec- 
tious diseases.  The  streptococcus,  its  companion  in  the  buccal 
cavity,  comes  next.  Among  the  bacteria  of  most  frequent  occur- 
I'^nce,  we  may  also  mention  the  micrococcus  tetragenus,  staphylo- 
coccus, pneuniobacillus,  colon  bacillus,  etc. 

It  may  well  be  asked  how  these  germs  are  able  to  invade  the  re- 
spiratory  apparatus.  The  majority  of  authors  believe  that  they  are 
driven  from  the  buccal  cavity  toward  the  lower  respiratory  passages. 
Id  a  highly  interesting  work,  Dr.  Beco^  opposes  this  view.  Taking 
ground  upon  the  fact  that  pathogenic  species  are  encountered  in 
lungs  free  from  all  apparent  morphological  alteration,  and  that  these 

'  Beco.    Recherches  sur  la  flore  bacterienne  du  poumon  de  rhomme  et  des  animaux. 
Arch,  de  nrfd.  exp^r.,  1899,  p.  317. 
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are  the  microbes  which  most  frequently  give  rise  to  bronchopulmoD 
ary  infections,  he  concludes  that  the  germs  were  already  present  i: 
the  lungs,  and  had  only  to  develop. 

The  argument  is  not  convincing,  however.  The  pneimiococcus  ha 
been  encountered  in  the  lungs,  but  the  researches  were  made  oi 
cadavers.  It  is  therefore  a  question  whether  the  microbe  had  no 
penetrated  during  the  agony  or  the  ten  or  twelve  hours  which  passe 
between  the  moment  of  death  and  that  of  cultivation.  This  remar 
is  supported  by  the  fact  that  in  two  out  of  four  cases  of  sudden  deat 
the  lungs  were  found  sterile.  If,  on  the  other  hand,  account  is  take 
of  researches  pursued  on  animals,  the  conclusion  is  reached  that  th 
presence  of  the  pneumococcus  in  the  lung  is  exceptional.  We  coi 
tinue,  therefore,  to  beUeve  that  bronchopulmonary  infections  occii 
ring  m  the  course  of  diseases  are,  as  a  rule,  due  to  buccal  germi 
The  latter  may  be  carried  down  with  particles  of  saliva,  or  be  di 
lodged  by  the  current  of  air  passing  over  the  dried  mucous  membraa 
Although  microbes  cannot  be  carried  away  by  the  inspired  air  whe 
they  are  surrounded  by  fluid,  conditions  are  changed  when,  und( 
the  influence  of  the  primary  disease,  the  secretions  are  scanty  an 
the  mouth  covered  with  soot. 

Whatever  may  be  the  mechanism  governing  their  developmen 
the  secondary  infections  of  the  lung  are  generally  due  to  the  pnei 
niococcus.  This  is  true  in  cases  of  eruptive  fevers,  in  diphtheri; 
typhoid  fever,  and  even  in  erysipelas.  It  might  be  beUeved  that  i 
the  last-named  disease  the  pulmonary  complication  depended  upc 
the  streptococcus,  that  it  was  a  case  of  pulmonary  erysipelas.  Su( 
was  the  old  \4ew.  It  is,  however,  established  at  present  that  tl 
streptococcus  has  no  tendency  to  leave  the  skin.  The  pulmonai 
lesion  is  the  result  of  secondary  infection,  depending  upon  the  pne 
mococcus. 

Combined  Infections  in  the  Alimentary  Canal.  Microbic  associ 
tions  are  Ukewise  constant  in  the  digestive  organs.  Experiment 
researches  have  demonstrated  their  importance  in  typhoid  fever  ai 
cholera. 

With  reference  to  cholera,  the  researches  of  MetchnikoflF  have  w 
shown  the  auxiliary  role  of  ingested  bacilli  and  at  the  same  tir 
explained  the  resistance  of  certain  persons  and  the  immunity 
certain  regions.  Sanarelli  admits  an  analogous  etiology  for  yelk 
fever.  The  same  pathogenesis  may  be  claimed  for  amebic  dj'BC 
tery.    Although  we  admit  the  ameba^  to  be  the  specific  agents 
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one  form  of  this  afifection,  we  also  believe  that  an  adjuvant  rdle  is 
to  be  attributed  to  the  bacteria  that  swarm  in  the  intestinal  cavity 
and  participate  in  all  the  morbid  processes  developing  therein. 

In  most  infections  digestive  disturbances  appear  which  bring  about 
an  increased  virulence  of  microbes  colonized  in  the  gastrointestinal 
cavity.  This  explains  the  development  of  mucomembranous  enter- 
itis consecutive  to  typhoid  fever.  Cases  of  appendicitis  have  also 
been  mentioned  as  the  result  of  the  most  varied  infections.  In  order 
to  resist  the  action  of  exalted  microbes,  the  l)rmphoid  structures  of 
the  appendix  become  the  seat  of  an  inflammatory  process  which  is 
comparable  to  that  observed,  under  the  same  circumstances,  in  the 
tonsils,  and  at  times  results  in  more  or  less  profound  lesions. 

The  digestive  disturbances  may,  in  their  turn,  act  on  the  organism. 
The  toxins  elaborated  in  the  intestine  diminish  the  resistance  of 
certain  tissues  and  notably  of  the  sebaceous  glands.  Hence,  the 
frequency  of  furuncles  in  cases  of  excessive  intestinal  putrefactions. 
Both  the  old  method  of  prescribing  purges  and  the  modern  medica- 
tion by  antiseptics  act,  I  beUeve,  in  the  same  manner.  They  diminish 
fermentation,  and  thus  suppress  the  cause  of  secondary  infection. 

As  soon  as  the  microbes  of  the  mouth  or  of  the  intestine  become 
exalted,  they  are  capable  of  invading  the  neighboring  parts.  Sup- 
pression or  at  least  alteration  of  the  secretions  favors  the  immigration 
of  the  microbes  into  the  organs  connected  with  the  digestive  tube. 
Ancient  clinicians  had  long  remarked  that  parotiditis  occurred  par- 
ticularly in  grave  fevers  when  the  mouth  was  dry  and  repeated 
cleansing  did  not  remedy  the  absence  of  secretions.  These  glandular 
"iflammations  have  become  rare  with  the  advance  of  individual 
hygiene. 

Secondary  Septicemias.  In  certain  cases  bacteria  tend  to  invade 
the  lymphatic  or  blood  chaimels  and  then  produce  septicemic  mani- 
festations of  a  general  character,  or  they  become  localized  in  some 
o'gan  and  give  rise  to  various  inflammatory  or,  oftener,  suppurative 
lesions. 

When  conmion  bacteria  invade  the  organism,  no  matter  what  the 
^eof  entrance  may  be,  three  eventualities  are  possible:  (1)  In 
^me  instances  the  secondary  infection  assimies  the  gravest  aspect 
*Qd  is  expressed  by  a  septicemia  which  develops  without  determined 
localizations  and  may  rapidly  terminate  in  death.  (2)  In  other  cases 
septicemia  becomes  localized  in  some  viscus  the  disturbances  of 
^bich  may  be  predominant  in  the  morbid  process.   Finally,  the  germs 
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may  at  times  be  destroyed  and  eliminated  as  fast  as  they  penetrate 
they  may  be  found  in  the  different  secretions,  but  give  rise  to  n 
appreciable  symptom. 

There  has  recently  been  described  a  septicemic  form  of  typhoi 
fever  due  to  secondary  action  of  the  streptococcus.  This  streptc 
typhoid  infection  (Vincent),  studied  by  Loison,  Simonm,  Amau( 
Vincent,  and  Wassermann,  is  characterized  by  irregularity  of  th 
fever-tracing,  very  marked  acceleration  of  the  pulse,  and  tendenc 
to  hemorrhages. 

In  certain  cases  septicemia  is  expressed  by  cutaneous  eruption 
RubeoUform,  scarlatiniform,  and  polymorphous  erythemata  ha^ 
been  encountered  in  typhoid  fever.  In  two  such  cases,  Etienne  an 
Gillet  discovered  staphylococcus  in  the  blood. 

Secondary  bacteriemia  is  at  times  so  frequent  that,  without  tl 
revelations  of  bacteriology,  it  would  have  been  difficult  to  determii 
its  nature.  Such  is  the  case  in  gonorrhea.  It  was  natural  to  attril 
ute  all  the  secondary  manifestations  to  the  gonococcus  of  Neiss 
and  conclude  that  this  specific  microbe  is  capable  of  emigrating  fro 
the  urethra  and  giving  rise  to  symptoms  in  distant  organs,  notab 
to  arthrites.  There  are  recorded  observations  in  which  the  join 
contained  no  other  microbes  than  the  gonococcus.  Such  is  n< 
always  the  case,  however.  It  is  not  necessarily  the  gonococcus  th; 
produces  the  so-called  metastatic  phenomena.  In  many  instanc 
gonorrhea  does  no  more  than  prepare  the  way  for  the  entrance  • 
the  microbes  of  suppuration,  and  what  is  found  in  the  articulatioi 
is  a  common  pus  coccus. 

Septicemia  may  present  a  special  aspect  when  it  occurs  at  tl 
time  of  decline  of  or  convalescence  from  an  infection.  In  some  cas( 
it  is  transitory,  as  primary  septicemias  sometimes  are.  It  is  eve 
})ossible  that  certain  disturbances  of  convalescence,  which  are  tc 
often  attributed  to  fatigue  or  some  error  of  diet,  are  aborted  sept 
cemias,  as  traumatic  fever  and  milk  fever  are  abortive  forms  < 
primary  septicemia. 

Septicemias  of  convalescence  are  often  attended  by  more  lastii 
manifestations,  general  disturbances,  and  cutaneous  or  viscera 
symptoms.  The  case  is  then  one  of  septicemia  with  erythem; 
purpura,  and,  in  more  serious  instances,  with  albuminuria,  gai 
grenous  lesions  of  the  skin,  etc. 

These  septicemias  may  at  times  simulate  a  secx)ndary  complies 
tion,  notably  a  meningitis.    During  the  cholera  epidemic  of  1892  tl 
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author  observed  two  cases  of  this  kind,'  and  Dr.  Siredey  has  pub- 
Efihedsonie  anaJogoiLs  reports.'  The  patients  die  with  the  appearance 
of  meningeal  phenomena,  without  necropsy  revealing  the  slightest 
altmtion  in  the  nerve  centres  or  in  their  envelopes.  On  the  other 
baud,  however,  bacteriology  explains  the  mechanism  of  the  occur- 
rences, In  one  of  the  cases  above  referred  to,  experimenting  with 
the  cerebrospinal  fluid  and  the  Uver,  the  author  obtained  pure  cul- 
tures of  an  unidentified  bacillus.  In  order  to  inihcate  its  pathogenic 
flrtioG  and  putrefactive  power,  he  called  it  bacillus  sepHctis  puHdus. 
Ills  microbe  shall  be  repeatedly  referred  to  becaase,  on  account  of 
the  lesions  it  produces  in  animals  and  of  the  activity  of  the  toxins 
it  secretes,  it  presents  a  certain  interest  from  the  standpoint  of 
general  infectious  pathology. 

When  secondary  infections  are  somewhat  prolonged  they  may 
emulate  a  relapse.  Senger,  dwelling  on  this  point,  asserts  that,  in 
typhoid  fever,  relapses  are  often  nothing  else  than  septiceraiaa.  The 
intestJDal  ulcerations  enable  the  other  germs  to  do  mischief  which 
is  too  readily  ascribed  to  a  recrudescence  of  the  primary  disease. 
This  conception  deser\-es  to  be  submitted  to  rigorous  analysis,  for 
it  is  \wy  ingenious  and  in  harmony  with  the  actual  data  of  general 
pathology.  The  humoral  modifications  occurring  at  the  time  of 
fOTery  should  prevent  relapses.  On  the  other  hand,  it  is  con- 
cfi^'able  that  these  modified  humors  may  be  inactive  in  the  presence 
of  some  new  pathogenic  agent. 

iMtQdarjr  Loc&UiKUons  of  Septicomic  Proceaiea.  AMien  common 
risrteria  invade  the  organism  they  do  cot  always  produce  a  general 
*P'i«mia.  In  snuif  instances  thtiy  may  become  localized  in  a 
iiiscHaand  give  rise  to  inflammatory  or  suppurative  disturbances. 
Ttis  fact  raises  two  interesting  questions;  In  the  first  place,  in  the 
["Wence  of  an  inflamed  viscus,  the  question  is,  whether  the  lesion 
**  due  to  the  primary  process  or  to  a  secondary  one.  In  the  second 
plsce,  it  is  necessary  to  learn  whether  the  organ  has  been  invaded 
"J'propi^tion  or  by  genera!  infection.  For  instance,  let  us  suppose 
fl  suppurative  lesion  in  typhoid  fever.  \Vithout  a  bacteriological 
analysis  it  is  impossible  to  affirm  that  it  is  a  secondary  lesion.  G. 
™im  has  shown,  for  instance,  that  the  abscesses  in  the  spleen  may 
^  dependent  upon  the  typhoid  bacillus.     Valentini  found  no  other 

'  Roga.     Recherthvs  baoWrioiopques  sur  ua  cas  de  septic fmie.     Soe.  de  biologie, 
"•I  M,  1892.     8ifptio*mie  consfeutive  au  oUoli*ru.     Rev.  de  mfd..  Oct..  1S03. 
'  Siitdpjr.     K^cuasion  snr  le  cholera.     Soc.  mfd.  dea  hOp.,  Nov.  4.  139:2. 
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than  Eberth's  bacillus  in  the  fluid  of  a  purulent  pleurisy.  Fraenke 
made  the  same  statement  with  regard  to  a  case  of  peritonitis.  I 
has  recently  been  further  established  that  osteomyelitis  consecutiv 
to  typhoid  fever  is  often  due  to  Eberth's  bacillus. 

Let  us  now  suppose  ourselves  confronted  by  an  acute  nephriti 
supervenmg  m  the  course  of  an  infection.  The  first  question  to  a^ 
is  whether  this  nephritis  is  ascending  or  hematogenic,  viz.,  whethc 
the  microbes  have  made  their  way  from  the  bladder  through  th 
ureters  or  whether  they  have  reached  the  kidney  through  the  blooc 
vessels.  Pathological  anatomy,  by  discovering  the  existence  of  ol 
lesions  in  the  bladder,  and  especially  by  pointing  out  the  topograph 
of  the  renal  alterations,  often  enables  us  to  solve  the  first  problen 
The  next  task  is  to  determine  whether  the  lesion  observed  is  due  t 
the  principal  microbe  or  to  a  secondary  agent.  Is  the  most  interesi 
ing  of  all  infectious  nephrites,  namely,  that  of  scarlatina,  dependen 
upon  the  specific  microbe  or  upon  the  superadded  streptococci 
which  is  constantly  found  in  the  urine  in  cases  of  scarlatinal  albi 
minuria? 

To  sum  up,  secondary  infections,  almost  alwajrs  due  to  commo 
bacteria,  are  frequently  observed  in  all  infectious  diseases.  Thei 
secondary  infections  may  be  expressed  by  septicemias,  sympton 
of  which  are  confounded  with  those  of  the  principal  disease  or  whic 
impart  to  the  primary  process  a  peculiar  character.  A  secondai 
infection  may  be  localized  from  the  beginning  or  subsequently  : 
one  or  several  viscera.  Hence,  a  series  of  new  manifestations  occi 
whose  nature  can  be  determined  only  by  bacteriological  researche 

It  is  hardly  necessary  to  dwell  upon  the  importance  and  gravil 
of  secondary  infections.  Whether  septicemic  or  pyemic,  general  < 
localized,  they  may  impart  to  the  disease  a  character  of  malignant 
by  creating  hemorrhagic  forms,  by  giving  rise  to  endocardite 
nephrites,  degenerations  of  the  liver,  and  by  locaUzing  themselves  i 
arteries  and  veins.  Moreover,  they  may  render  prognosis  grave 
If  it  is  true,  for  instance,  that  scarlatinal  nephritis  is  due  to  a  se 
ondary  infection,  it  is  easily  conceived  that  this  additional  infectio 
is  often  graver  and  accompanied  by  more  disastrous  consequence 
than  the  primary  disease. 

Microbic  associations,  therefore,  play  a  capital  r61e  in  the  develo] 
ment  of  diseases.  The  more  profoundly  we  study  the  pathogenes 
of  infections  the  more  clearly  we  recognize  that  adjuvant  causes  a 
required  for  the  development  of  a  specific  microbe.    Among  thes 
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adjuvant  causes,  a  principal  one  is  represented  by  the  auxiliary 
microbic  agents  which  set  the  disease  in  motion,  explain  certain 
symptoms,  and  cause  various  complications.  These  facts  do  not 
suppress  ttie  idea  of  specificity.  For  among  the  microbes  which 
simultaneously  develop,  there  is  one  which  impresses  upon  the  disease 
its  particular  stamp,  its  clinical  physiognomy.  The  others  are  useful 
or  indispensable  auxiliaries,  but  do  no  more  than  add  some  features 
to  the  morbid  process. 


CHAPTER  VI. 

DEFENSES  AND  REACTIONS  OF  THE  ORGANISM. 

Means  of  Defense  of  the  Organism  against  Infections.     R61e  of  the  Lsrmphatic  Glant^"^ 
and  Omentum.     R61e  of  the  Organs,  Liver,  and  Lungs.     Variations  in  the  Actic 
of  the  Liver  upon  Microbes.     Means  of  Defense  against  Microbic  Poisons, 
of  the  Various  Organs;   R61e  of  the  Liver.     Modes  of   Elimination  of  Microbi^^ 
Poisons.      Reaction  of    the  Organism  against   Microbes    and   Toxins.      Mode  o^ 
Production  and   Signification  of   Local  Lesions.      Inflammation.     Producticm  oT 
Inflammatory  Exudates.     Importance  of  Diapedesis  and  Phagoc3rtoei8.     Evdu- 
tion  and  Reparation  of  Inflammatory  Lesions.     Mode  of  Production  and  Chemical 
Constitution    of    Serous  Exudates.      The  Fibrinous    Exudates  and    False  Mem- 
branes. 

The  Defenses  of  the  Organism  against  Infections. 

When  a  pathogenic  microbe  attacks  at  any  point  of  the  organism, 
two  events  are  possible :  First,  the  microbe  may  be  highly  virulent 
or  the  organism  in  a  weakened  state.  Consequently,  no  struggle 
takes  place,  there  being  no  resistance  on  the  part  of  the  organism. 
The  result  is  a  general  infection.  Secondly,  the  invaded  organism 
reacts  and  endeavors  to  arrest  the  invader  or  to  circumscribe  the 
infection.  A  local  reaction  is  then  produced  characterized  by  an 
afflux  of  serum  and  leucocytes.  In  some  instances  the  first  barrier 
thus  created  suffices  to  kill  the  microbe,  and  the  local  lesion  thus  saves 
the  economv. 

Unfortunately,  the  latter  is  not  always  the  case.  The  microbes 
too  often  overcome  the  first  line  of  defense  and  gain  entrance  into 
the  circulation. 

Protective  Role  of  the  Lymphatic  Glands  and  Omentum.  If  the 
microbes  pass  into  the  lymphatic  vessels  they  may  be  arrested  in 
the  lymphatic  glands.  The  interesting  researches  of  Bezancon  and 
Labb6  and  of  Manf redi  conclusively  demonstrate  the  important  r61e 
of  these  glands  as  defensive  organs.  This  fact  had  been  already 
indicated  by  clinical  observation.  In  the  course  of  the  most  varied 
infections,  acute,  subacute,  or  chronic  inflammations,  the  glands 
corresponding  to  the  affected  regions  swell,  and  inflammation  is  at 
times  so  intense  as  to  present  the  appearance  of  spreading  in  the 
form  of  perigangUonic  edema. 
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In  spite  of  their  simple  appearance,  adenopathies  may  manifest 
special  characters  correspoiiding  to  the  nature  of  the  primary  focus. 
Tas  glands  become  indurated  in  cases  of  syphilitic  chancre ;  they 
mppurate  and  become  ulcerated  in  the  case  of  soft  chancre ;  they 
irecBseated  in  tuberculosis,  etc.  However,  adenopathies,  especially 
inlheir first  stage,  must  be  considered  as  defensive  reactions.  Man- 
fm!i  has  demonstrated  that  the  microbes  during  their  sojourn  in 
the  glands  lose  part  of  their  virulence,  that  is,  they  become  atten- 
uated. 
Tb»e  considerations  regarding  the  role  of  the  lymphatic  glands 
lev!  to  the  question  whether  other  parts  of  the  organism  similar  in 
structure  can  play  the  same  defensive  r61e.  Anatomists  have  come 
to  consider  the  serous  membranes  as  adnexre  of  the  lymphatic  .sys- 
tem. Let  us  consider  the  peritoneum,  for  example.'  Since  the 
inreatigfttions  of  Ranv-ier  tlie  greater  omentmn  is  regarded  as  an 
eitended  lymphatic  gland.  Histological  researches  have  shown 
tbt  the  cells  contained  in  this  portion  of  the  serous  meni- 
tirane  acti\-ely  proliferate  when  a  more  or  less  virulent  microbe  is 
introduced  into  the  abdominal  cavity.  When  a  moderately  virulent 
culture,  for  instance,  a  culture  of  staphylococcus  aureus,  is  injected 
l>cKath  the  skin,  this  culture  gives  rise  to  extensive  suppuration; 
but  when  the  same  amount  is  introduced  into  the  peritoneum,  no 
Evrnptoma  are  observed.  This  fact  demonstrates,  contrarj'  to  what 
*Monce  believed,  that  a  healthy  serous  membrane  resists  infection 
"■Iterthan  does  the  subcutaneous  cellular  tissue.  It  must  be  noted, 
however,  that  the  animal  which  thus  presents  no  disturbance  sho^v's 
*™P  modifications  in  the  greater  omentum,  because  the  inoculated 
"ucfobes  pass  from  the  jierititneum  to  the  greater  omentum.  When 
^iiwll  foreign  bodies  are  introduced  into  the  peritoneum,  most  of 
wpffi  are  gradually  pushed  by  the  intestinal  movements  toward  the 
Pwier  omentum  and  there  become  localized. 

It  may,  therefore,  be  concluded  that  the  greater  omentum  plays 
■"important  r6le  in  the  protection  of  the  peritoneum.  Experiments 
™>'e  shown  that  its  extirpation  does  not  altogether  abolish,  but  only 
'Wakens,  the  resistance  of  the  peritoneum  which,  while  sufficient  to 
pi^vent  infection  of  the  organism  by  greatly  attenuated  microbes, 
"  M  longer  strong  enough  to  resist  virulent  microbes, 
"niere  are  three  defensive  barriers  opposed  to  the  exalted  microbes 
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of  the  digestive  tract.  While  these  agents  tend  to  pass  throu^  tt 
intestinal  walls,  they  meet  numerous  lymphoid  structures  whic 
hinder  their  progress.  Should  they  overcome  this  first  line  of  d€ 
fense  they  may  enter  the  chyliferous  vessels,  but  they  are  the: 
arrested  by  the  mesenteric  ganglia.  If  they  enter  the  portal  vei: 
they  meet  the  liver,  which,  as  will  presently  be  shown,  is  capable  o 
arresting  and  destroying  them.  If  they  succeed  in  penetrating  th 
intestinal  walls,  as  is  the  case  especially  in  young  children,  they  ar 
rapidly  destroyed  in  the  peritoneum,  the  protective  r61e  of  whie 
depends  chiefly  upon  the  greater  omentum. 

Protective  Role  of  the  Liver  and  Lungs.^  When  microbes  penc 
trate  by  way  of  the  stomach  or  intestine  they  pass  into  the  portj 
vein  and  traverse  successively  the  liver,  the  right  heart,  the  lungs 
and  the  left  heart,  to  be  thrown  thence  into  the  general  circulatioi 
In  all  other  cases  they  first  encounter  the  limgs. 

Whatever  their  mode  of  penetration  may  be,  microbes  that  ha\ 
reached  the  blood  rapidly  disappear  from  the  main  bloodvessels.  A 
the  end  of  ten  or  fifteen  minutes  they  are  no  longer  found  in  th 
location,  even  though  intravenous  inoculation  has  been  practise< 
The  blood,  then,  represents  an  inhospitable  medium  for  bacterii 
which  must  abandon  it  and  take  refuge  in  the  capillaries  of  the  organi 
Here  the  struggle  between  the  organism  and  the  pathogenic  ageni 
is  carried  on.  The  latter  begin  to  multiply  and  secrete  toxic  sul 
stances  which  may  insure  them  victory,  while  the  cells  of  the  bod 
endeavor  to  exert  their  protective  r61e,  either  by  producing  germicid 
or  antitoxic  substances,  or  by  taking  up  and  digesting  the  microbe 

Two  hypotheses  are  possible:  Firstly,  it  may  be  assumed  that  tt 
various  phases  of  the  struggle  are  alike  in  all  the  capillaries.  Eithc 
the  microbe  or  the  organism  will  triumph,  and  the  ultimate  resu 
will  be  the  sum  of  the  partial  results  of  the  same  character.  0 
secondly,  it  may  be  supposed  that  the  phenomena  vary  from  or 
capillary  network  to  another;  that  the  effects  of  the  struggle  are  nc 
identical  in  all  the  organs,  but  in  some  of  them  the  microbe  is  vict< 
rious,  in  others  the  cell.  If  so,  the  events  become  more  comple: 
The  final  result  will  be  the  sura  of  the  partial  results  of  differer 
characters. 

^  Roger.  Siir  le  r61e  protecteur  dii  foie  coutre  I'infection  charbonneuae.  Soc.  < 
biologic,  Oct.  9,  1897.  Les  organes  protecteurs  coutre  les  infections.  Presse  m^ 
June  15,  1898.  TjC  r61c  du  foie  dans  les  infections.  Presse  m^.,  Dec.  21,  1898.  Le  H 
protecteur  du  foie  et  du  poumon.    Cinquantenaire  de  la  soc.  de  bid.,  Dec.  27,  1899. 
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These  theoretical  considerations  lead  to  the  question  whether 
differences  occur  in  the  evolution  of  infectious  diseases  according  to 
the  vessel  by  which  the  culture  is  introduced.  Experimenters  gen- 
erally inject  the  microbes  through  some  peripheral  vein.  The  patho- 
genic agent  then  first  passes  through  the  capillaries  of  the  lung,  to 
subsequently  reach  the  general  circulation.  I  have  thought  that  the 
virulent  injections  should  be  practised  through  five  different  chan- 
neb. 

The  author  made  inoculations  by  the  distal  end  of  the  common 
carotid  artery  in  order  to  determine  the  r6le  of  the  cerebral  capil- 
laries; by  the  distal  end  of  the  femoral  artery,  in  order  to  study  the 
influence  of  a  more  conmion  network;  by  a  branch  of  the  portal  vein, 
to  study  the  action  of  the  Uver;  by  a  peripheral  vein,  to  learn  the 
r61e  of  the  lungs,  and,  finally,  by  the  central  end  of  the  aorta  (central 
end  of  the  carotid  artery). 

In  making  these  injections  care  should  be  taken  not  to  produce 
^y  local  lesion  at  the  point  of  injection  and  not  to  use  cultures  of 
tec  great  virulence.  The  evolution  of  a  local  lesion  would  confuse 
the  results,  and  the  capillary  networks  would  prove  insufficient 
barriers  against  a  culture  of  too  great  energy,  so  that  the  microbes 
would  rapidly  pass  through  them  and  produce  a  general  infection, 
evoking  in  the  same  manner,  irrespective  of  the  mode  of  entrance. 

The  microbes  employed  by  the  author  were  the  bacillus  anthracis, 

the  staphylococcus  aureus,  the  streptococcus  of  erysipelas,  the  colon 

bacillus,  and,  finally,  a  more  highly  organized  parasite,  oidium  albi- 
cans. 

The  animals  which  received  the  virus  of  anthrax  by  the  aorta 
succumbed  first.  Those  which  were  injected  through  some  periph- 
eral vein  survived  somewhat  longer,  which  indicates  a  slight  pro- 
tective action  of  the  lungs.  This  action,  however,  was  not  noticeable 
^en  more  energetic  cultures  were  employed.  The  injections  prac- 
tised through  the  carotid  artery  permit  a  somewhat  longer  survival 
than  the  intravenous  inoculations.  This  result  is  interesting,  as  it 
kads  to  the  belief  that  the  nerve  centres  are  capable  of  hindering 
^thrax  infection. 

It  is  to  be  recognized,  however,  that  the  differences  observed 
^cording  to  the  vessel  by  which  the  anthrax  virus  is  injected  have 
80  far  been  of  little  consequence.  While  a  few  animals  resist  a  little 
'onger  than  others,  all  succumb.  The  twenty  animals  which  the 
^thor  inoculated  through  the  aorta,  peripheral  veins,  the  femoral 
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or  the  carotid  arteries,  died  at  the  end  of  a  period  varying  fron: 
thirty-six  to  forty-eight  hours. 

The  results  are  altogether  different  when  the  anthrax  passei 
through  the  liver.  Of  twelve  animals  which  received  considerabk 
amounts  of  anthrax  culture  by  the  portal  vein,  only  three  died.  The 
liver,  therefore,  possesses  the  power  to  arrest  the  anthrax  bacilli  anc 
destroy  them.  This  organ  plays  an  important  part  in  the  protectioi 
of  the  organism  against  anthrax  infection.  A  dose  of  i  of  a  c.cm. 
injected  by  a  peripheral  vein,  killed  a  rabbit  of  2345  grains  ii 
thirty  hours,  while  a  dose  of  8  c.mm.,  introduced  by  a  portal  vessel 
was  not  sufficient  to  kill  a  smaller  rabbit,  weighing  1915  grams 
This  demonstrates  that  an  amount  of  anthrax  bacilli  sixty-foui 
times  greater  than  that  which  kills  through  the  peripheral  vein 
is  completely  annihilated  by  the  liver. 

The  protective  action  of  the  liver  was  as  well  evidenced  in  experi 
ments  with  the  staphylococcus  aureus. 

The  sample  employed,  which  was  highly  virulent,  was  dilutee 
with  bouillon  and  injected,  as  was  the  anthrax,  by  five  differen* 
vessels.  Contrary  t^  the  preceding  results,  the  animals  inoculatec 
by  the  distal  end  of  the  carotid  artery  succumb  first.  The  brain 
therefore,  represents  an  excellent  culture  medium  for  the  staphylo 
coccus.  In  the  second  place,  the  animals  injected  by  the  aorta  oi 
the  femoral  artery  died.  Those  which  received  the  virus  by  periph 
eral  veins  survived  longer,  and,  finally,  those  which  received  it  bj 
the  portal  vein  resisted  the  inoculation. 

When  we  come  to  the  streptococcus,  we  find  that  the  liver  exerfc 
no  protective  action.  This  microbe  finds  in  the  parenchyma  of  th( 
liver  excellent  conditions  for  vegetation,  and  the  animals  injectec 
by  the  portal  vein  are  generally  the  first  to  succumb.  Those  whicl 
have  been  inoculated  by  the  aorta,  the  carotid,  or  the  femoral  arterj 
die  shortly  after.  As  to  the  animals  which  have  received  the  virui 
by  the  peripheral  veins,  they  die  tardily,  or,  if  the  virus  is  not  to( 
active,  they  may  survive. 

Of  the  author's  twenty  rabbits  inoculated  by  the  various  vessels 
all  succumbed,  while  out  of  eight  animals  injected  by  the  periphera 
veins,  three  survived. 

The  lungs,  therefore,  represent  a  protective  organ  against  tb 
streptococcus.  They  play  a  r61e  similar  to  that  which  the  live: 
fulfils  with  regard  to  the  hadllus  anthracis  or  the  staphylococci 
aureus.    There  is  this  to  be  noted,  however,  that  the  destruction  o 
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ic  agents  by  the  lungs  is  less  active.  This  organ  does  not 
more  than  one  fatal  close. 
With  the  colon  bacillus,  the  results  seem  somewhat  strange.  The 
animals  inoculated  by  the  portal  vein  or  the  carotid  artery  are  the 
fijst  to  succumb.  Those  which  receive  the  virus  by  the  aorta  resist 
quite  frequently.  It  must  be  admitted,  therefore,  that  one  of  the 
orpuis  Iributary  to  the  arterial  system  destroys  the  microbes.  It  is 
a  curious  tact  that  the  liver,  far  from  destroj-ing  this  microbe,  ofTers 
it  ail  excellent  medium  of  culture.  This  result  explains  well  the 
frequencyaud  gravity  of  hepatic  infeciJons  of  gastrointestinal  origin. 
In  order  to  impart  a  more  general  character  to  his  researches,  the 
lUthor  undertook  some  experiments  with  cultures  of  oidium  albicans. 
"Die  animals  inject-ed  by  the  carotid  artery  are  usually  the  first  to 
<iip-  The  lungs  very  slightly  retard  the  course  of  the  infection.  The 
liver  ajiri  the  kidneys  arrest  great  quantities  of  the  parasites  and 
pffvent  e.xtension  of  the  process.  These  organs  very  efficiently  pro- 
tect the  economy. 

The  following  table  presents  a  rfeum^  of  the  results  of  the  author's 
Wfiinhes  on  the  protective  r6Ie  of  the  organs.     It  indicates  tlie 
I'      eSects  of  \Trulent  inoculations  and  their  variations  accorcling  to  the 
'      vessels  hy  which  the  cultures  are  injected; 

'        Dnth 


fvrry  mpid   - 


-j  Fcmor»l 

mow  or  less  [  Periplieral 
I  lipid,  but  J      vt'iDis 


Carotid  Brterj' 


Aorta 
CarolU 
FFiDor 


Portal  vpi 


wry  rapid      Portal  vein  Portal  i-ein 

more  or  less  •  Peripheral  Portal  iiVin 

rapid  but  i.    veins 

coDstant     '        "  Periph'l  ve. 


Old  cultures       Fresh  oultureii 
Periph'l  veiDB     ( 


*"*"•!  -jnhnost  Portal  vvvn 

^^^.taXiaas  of  the  Action  of  the  Liver  upon  Microbes.     The 

priitective  action  exercised  by  the  Uver  toward  infections  seemed  to 
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the  author  deserving  of  complementary  researches.  It  was  of  interei 
to  learn  what  occurred  under  various  experimental  conditions.  B 
was  led  to  study  the  influence  of  fasting,  of  microbic  association 
and  of  certain  substances,  such  as  glucose,  sodium  bicarbonate,  an 
ether.  Excepting  one  series  in  which  an  anthrax  culture  was  cd 
ployed,  staphylococcus  aureus  was  always  used. 

Influence  of  Fasting.  Under  the  influence  of  fasting  the  protecti^ 
action  of  the  Uver  diminishes,  but  quite  slowly.  After  twenty-foi 
hours  of  starvation  it  is  exerted  to  a  normal  degree  upon  the  anthw 
bacillus.  If  the  inoculations  are  made  at  the  end  of  two  or  thn 
days  the  antibacterial  power  is  found  to  be  weakened,  but  not  cob 
pletely  suspended.  Injection  by  the  portal  vein  is  still  less  rapid 
fatal  than  that  by  some  peripheral  veins.  This  was  demonstrate 
by  the  results  obtained  with  the  staphylococcus  aureus. 

Microbic  Associationsr  We  have  already  pointed  out  that  the  effec 
of  microbic  associations  are  due  to  the  action  of  soluble  substance 
Thus  it  is  that  sterilized  cultures  of  the  baciUus  prodigiosus  favo 
in  a  very  marked  degree,  the  pathogenic  action  of  the  staphylococcu 
Their  injection  by  a  branch  of  the  portal  vein  diminishes  the  pr 
tective  action  of  the  liver  and,  if  the  dose  be  sufficient,  may  ev( 
completely  abolish  it. 

The  fact  that,  under  the  influence  of  certain  toxins,  the  protecti\ 
r61e  of  the  liver  is  abolished,  may  possibly  explain,  in  part,  tt 
mechanism  of  microbic  associations,  which  is  as  yet  so  Uttle  unde 
stood. 

The  Influence  of  Glucose.  Solutions  of  glucose  were  used  in  t\« 
different  ways.  In  some  cases  they  were  mixed  with  the  culture  ao 
injected  into  a  branch  of  the  portal  vein.  In  other  instances  the 
were  administered  by  the  stomach.  In  the  latter  case,  its  use  wi 
continued  for  two  or  three  days  in  succession. 

The  results  were  complex.  One  important  fact  is  that  the  infli 
ence  of  glucose  differs  markedly  with  the  quantity  introduced.  Whe 
the  sugar  is  directly  injected  into  the  blood  by  the  portal  vein,  3  1 
5  grams  suffice  to  diminish  or  suspend  the  hepatic  action.  Whe 
it  is  introduced  by  the  stomach,  larger  quantities  are  require* 
Sixteen  grams  exert  a  decidedly  harmful  effect,  but  not  as  grei 
as  that  produced  by  the  portal  injection  of  3  grams.  Small 
doses,  on  the  contrary,  exert  a  stimulating  action  upon  the  live 
Thus,  in  one  of  the  experiments,  an  animal  which  had  received 
c.cm.  of  a  very  virulent  culture  through  the  vein,  and  which  ingests 
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5  grams  of  glucose  on  each  of  two  successive  days,  survived  seven 
days,  while  the  control  died  in  eighteen  hours. 

The  Influence  of  Bicarbonate  of  Soda.  The  author^s  experiments 
with  sodium  bicarbonate  are  not  very  numerous.  The  animals 
which  received  5  grams  by  the  portal  vein  or  10  grams  per  os 
rapidly  succumbed  to  the  injection  of  relatively  small  doses  of  staph- 
ylococcus by  a  mesenteric  vein.  It  is  probable  that  the  amount  of 
sodium  bicarbonate  injected  was  too  great  and,  perhaps,  by  dimin- 
ishing the  dose,  different  results  would  be  obtained. 

The  Influence  of  Bther.  The  action  of  ether  hkewise  varies  with  the 
dosage.  The  author,  therefore,  multiplied  the  experiments.  Thirty- 
four  rabbits  served  for  these  series  of  researches.  Some  of  these  were 
used  as  controls ;  the  others  were  treated  in  four  different  ways :  Pure 
ether  or  a  solution  of  the  same  was  injected  by  the  portal  veins,  or 
the  animals  were  made  to  swallow  one  of  these  fluids.  The  solution 
of  ether  was  prepared  by  agitating  ether  with  a  20  per  cent,  solution 
of  alcohol  in  water.  The  main  fact  resulting  from  these  experiments 
is  that  five  or  six  drops  of  pure  ether  introduced  by  an  intestinal 
vem  completely  abolishes  the  action  of  the  liver.  It  is  probable 
that  a  part  of  the  fluid  diffuses  and  diminishes  the  general  resist- 
^ce,  since  in  several  cases  the  animals  died  more  rapidly  than 
those  which  had  received  the  same  dose  by  a  peripheral  vein. 

^Tien  the  method  of  ingestion  is  resorted  to,  it  is  found  that  doses 
^f  1.5  com.  of  ether  diminish  but  slightly  the  action  of  the  Uver. 
Ill  a  dose  of  1  c.cm.  it  seems  to  augment  it.  Smaller  doses  are  best 
pven  diluted.  When  a  dilution  is  directly  injected  into  a  vein  it 
^^iDiinishes  or  abolishes  the  action  of  the  liver  in  a  dose  of  1  or  1.6 
c.cm.  By  ingestion,  greater  amounts  can  be  administered:  2  to 
3  c.cm.  of  the  solution  represent  an  excellent  therapeutic  dose  for  a 
rabbit  of  2  kilograms.  If  the  control  dies  rapidly,  death  of  the 
^al  treated  with  ether  is  delayed ;  if  the  control  dies  only  after 
five  or  six  days,  the  animal  treated  generally  survives. 

In  brief,  we  conclude  from  these  researches  that  the  ingestion  of 
8^  doses  of  ether  increases  the  antimicrobic  action  of  the  Uver. 

All  these  experiments  were  made  with  the  staphylococcus.  The 
^^\&  obtained  with  the  B.  anthrads  are  analogous,  although  oiu* 
experiments  with  the  latter  microbe  are  not  numerous.  It  is  well, 
however,  to  recall  them,  as  they  confirm  the  data  already  obtained 
^th  regard  to  the  sUght  action  of  transitory  fasting  and  the  harmful 
influence  of  large  doses  of  ether. 

11 
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Defense  of  the  Organism  against  Microbic  Poisons. 

Although  the  bacteria  which  vegetate  upon  the  skin  or  in  ti 
respiratory  passages  are  incapable  of  secreting  noxious  substance 
this  is  not  the  case  with  those  swarming  in  the  digestive  tube.  '. 
is  often  asserted  upon  the  dictum  of  CI.  Bernard  that  the  gastrt 
intestinal  cavity  is  outside  the  organism.  In  fact,  it  is  true  tha 
in  order  to  produce  their  effects,  noxious  substances  must  pass  tl 
barrier  opposed  to  them  by  the  intestinal  epitheUum.  It  must,  ho\ 
ever,  be  remembered  that  all  conditions  seem  to  combine  to  fav< 
fermentations  in  the  alimentary  canal :  fermentable  materials,  abui 
dant  fluids,  and  favorable  temperature.  Therefore,  toxins  analogoi 
to  those  found  in  putrefactions  are  formed,  as  may  be  demonstrate 
by  a  study  of  the  contents  of  the  intestine  or  of  the  fecal  mattei 
In  infectious  diseases,  digestive  fermentations  are  often  intensifie 
There  is  an  addition  of  poisons  formed  under  the  influence  of  path 
genie  agents.  Although  the  organism  is  constantly  in  danger 
intoxication,  the  realization  is  in  most  cases  prevented  by  the  agen< 
of  various  protective  systems  with  which  living  beings  are  endowe 

Let  us  first  consider  the  substances  produced  in  the  alimenta 
canal.  Stich  asserted  that  they  are  not  absorbed.  This  great 
exaggerated  view  contains  a  certain  amount  of  truth.  The  interes 
ing  researches  of  Queirolo,  Denys,  Abelous,  Charrin,  and  Cass 
establish  the  protective  r6Ie  of  the  intestinal  epithelium.  Its  eel 
act  equally  upon  vegetable  alkaloids  and  certain  microbic  toxin 
notably  those  produced  by  the  colon  bacillus.  Poisons  which  escaj 
this  first  barrier  penetrate,  in  small  amount,  by  the  lymphatic  vc 
sels.  They  are  then  arrested  and  modified  by  the  glands.  Tl 
greater  part,  however,  passes  into  the  blood — i.  e.,  the  portal  vein- 
and  is  thus  carried  to  the  liver. 

Action  of  the  Liver  upon  Microbic  Poisons.  The  action  of  tl 
liver,  so  often  studied  and  so  well  elucidated  in  cases  of  intoxication 
seems  far  less  clear  with  regard  to  microbic  poisons.  It  is  necessar 
however,  to  distinguish  the  primary  poisons  from  their  derivative 
The  action  of  the  liver  seems  to  be  manifest  upon  the  latter.  Tl 
author  recognized  this  fact  as  early  as  1887,  when  studjdng  tl 
putrid  poisons.  The  results  of  these  experiments,  reducing  to  kil 
gram  of  animal  the  quantities  of  extract  of  tissues  injected,  a 
sununed  up  in  the  following  table : 
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Qttantity  introduced. 
Doses: 
Fluid  injected.  AninuU  experimented.  Non-fatal.     Fatal. 

EHalized  exUact .      .      .     i  Healthy  frog 300 

I  Frog  without  a  liver 300 

Ethered  extract.      .      .     /Healthy  frog 837 

^  Frog  without  a  liver 837 

(  Rabbit  (peripheral  vein) 91 

Alcoholic  extract  .    -s        "       (portal  vein) .  171 

^       "       (portal  vein) 216 

ll  will  suffice  to  remark  that  in  the  experiments  upon  the  rabbit 
the  relation  of  fatal  doses,  according  as  the  injection  is  given  by  a 
peripheral  vein  or  some  branch  of  the  portal  vein,  is  as  2.36  to  1. 
It  is,  therefore,  permissible  to  conclude  that  the  liver  arrests  certain 
toxins  extracted  from  putrid  substances  in  the  same  manner  as  it 
arrests  vegetable  alkaloids.  It  can  also  act  upon  various  bodies 
^ich  often  originate  under  the  influence  of  microbes.  Thus,  accord- 
ing to  Kochs,  it  shares  with  the  kidneys  the  property  of  presiding 
over  the  modification  of  aromatic  substances,  and  it  is  known  that 
aromatic  substances,  notably  phenol,  thus  lose  much  of  their  noxious 
power. 

ilicrobes  also  give  rise  to  the  formation  of  ammonia,  and  the  Uver 
^gain  comes  to  the  assistance  of  the  organism  by  arresting  and  neu- 
^^'^lizing  the  ammonium  salts,  those  at  least  in  which  the  base  is 
united  with  carbonic  acid  or  some  organic  acid. 

The  study  of  putrid  substances  is  particularly  interesting  because 
of  the  deductions  that  may  be  drawTi  for  the  history  of  intestinal 
fermentations.  The  substances  originating  in  the  digestive  tube  are, 
^  f^t,  analogous  to  putrid  substances,  and  the  liver  also  acts  upon 
th^  poisons. 

The  researches  of  Drs.  Teissier  and  Guinard^  have  led  to  the  unex- 
P^ted  conclusion  that  the  liver  exerts  no  protective  action  against 
the  toxins  of  diphtheria  and  of  pneumobacillus.  Not  infrequently, 
^^ially  in  the  dog,  the  action  of  the  poison  is  more  energetic  when 
Jt  passes  through  the  liver. 

These  results  should  not,  however,  be  hastily  generalized.  The 
toxin  of  the  dysenteric  colon  bacillus  is  neutralized  by  the  liver. 
*^Tnle  0.5  c.cm.  injected  into  the  peripheral  veins  of  a  rabbit  kills 
^his  animal  in  two  or  three  days,  an  amount  four  times  greater  intro- 
duced by  the  portal  vein  causes  simply  diarrhea.     If  greater  quan- 

'  Teujider  et  Guinard.     Recherches  exp^^rimentalcs  sur  les  effets  des  toxincs  niicro- 
w^nnea  et  sur  quelques  influences  capables  de  les  modifier.    Arch,  de  m6d.  expdr.,  1897, 
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titles  are  administered,  the  liver  is  no  longer  capable  of  saving  t! 
animal,  but  prolongs  its  existence.  Twenty  cubic  centimetres  of 
slightly  weakened  culture  were  injected  into  two  rabbits.  Om 
weighing  1825  grams,  received  the  fluid  by  a  peripheral  vein,  ac 
died  in  collapse  at  the  end  of  seven  hours  and  a  half;  the  o&a 
animal,  weighing  1815  grams,  received  the  poison  by  the  port 
vein,  and  died  at  the  end  of  four  days. 

Action  of  the  Various  Organs  upon  Microbic  Poisons.  Recei 
researches  establish  that  the  lungs  are  able  to  attenuate  the  actic 
of  certain  poisons.  Tliey  act  upon  vegetable  alkaloids  and  sul 
stances  such  as  ammonium  carbonate  and  fatty  acids,  which  may  1 
produced  under  the  influence  of  certain  microbes.  However,  i 
influence  upon  toxins,  at  least  upon  the  diphtheritic  toxin,  seems  1 
be  niL  Animals  comparatively  inoculated  by  the  carotid  artery  ar 
the  jugular  vein  die  within  the  same  period  of  time.  The  artifici 
circulation  of  the  toxin  through  the  lungs,  even  when  prolonged  f< 
nearly  an  hour,  in  nowise  modifies  its  action.  No  general  conclusic 
should  be  drawn  from  this  negative  result,  which  must  lead  only ' 
further  investigations.  It  should  be  equally  interesting  to  stuc 
the  action  which  other  parts  of  the  organism — the  spleen,  the  thyro 
gland,  the  suprarenal  capsules,  the  bone-marrow,  the  thymus,  et 
— may  exercise  upon  toxins.  All  that  we  know,  since  the  remar! 
able  experiment  of  Wassermann  and  Takaki,  is  that  the  brain  po 
sesses  the  power  to  fix  and  annihilate  the  toxin  of  tetanus. 

Modes  of  Elimination  of  Toxins.  As  soon  as  microbic  toxins  ent 
the  blood  they  probably  undergo  attenuation  by  oxidation  or  1 
neutralization  exercised  through  certain  principles  which  the  leuc 
cytes  diff'use.  As  already  stated,  the  kidneys  also  serve  for  tl 
elimination  of  toxins.  It  may,  however,  be  a  question  wheth 
they  simply  excrete  the  circulating  poisons  or  whether  they  pi 
viously  submit  them  to  some  analysis.  As  a  matter  of  fact,  it  h 
been  demonstrated  that  infectious  poisons  contained  in  the  organis 
are  albuminoid  substances.  Those  contained  in  the  urine  are  of  i 
alkaloid  nature  and,  unlike  the  former,  resist  higher  temperatur 
fairly  well.  It  may,  therefore,  be  asked  whether  the  primary  coi 
plex  molecule  is  not  broken  up  in  the  kidneys  and  does  not  lea^ 
in  these  organs  its  alkaloidal  radical.  This  is  no  more  than  : 
hypothesis,  but  is  worthy  of  verification.  The  remark  might  even  ' 
extended  to  autointoxications.  In  the  course  of  uremia,  the  poiso: 
contained  in  the  blood  and  organs  are  likewise  of  an  albumino: 
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nature,  rhile  the  urinary  poison  is  not  an  albumin.  It  may,  there- 
fore, be  supposed  that  the  kidneys  possess  the  power  of  breaking  up 
the  complex  molecules  of  the  products  of  disassimilation.  In  this 
manMf,  better  perhaps  than  by  an  internal  secretion,  may  be 
explained  those  cases  of  uremia  which  occur  when  the  permeabihty 
if  tiie  Iddiieys  is  but  sightly  modified. 

There  are  other  modes  of  depuration.  The  respiratory  apparatus 
eluniimtra  volatile  substances,  probably  the  least  important  ones, 
some  of  them  chemically  defined.  They  impart  to  tlie  breath  the 
lii.'agrwable  odor  observed  in  various  infections,  notably  in  those 
stlfnded  by  increased  intestinal  putrefactions.  The  skin,  hkewise, 
may  eliminate  toxins,  and,  like  the  lungs,  throws  out  volatile  sub- 
stances, among  which  sulphuretted  hydrogen,  ammonia,  fatty  acids, 
*nd  acetone  occupy  the  first  rank.  It  may  also  eliminate  a  certain 
Moant  of  noxious  substances  with  the  perspiration.  We  are  not, 
oowo'er,  well  informed  upon  this  point,  and  accurate  experiments 
*re  laekiiig.  It  is  well  to  remember  that  subcutaneous  injections 
f'f  ;ak(carpine  often  produce  an  improvement  in  the  general  state 
of  patients  suffering  from  diphtheria.  It  would  be  interesting  to 
inquire  into  the  properties  of  the  increased  perspiration  secreted  under 
•iffle  conditions.  The  eliminating  rflle  of  the  bile  and  gastrointes- 
(hiil  secretion  is  not  any  more  clearly  understood.  The  frequency 
of  diarrhea  and  vomiting  in  animals  which  have  received  microbic 
loxins  tends  to  demonstrate  the  existence  of  ehmination  through  the 
ilinientary  canal.  This  hypothesis,  to  which  occurrences  in  certain 
Mses  of  poisonings  also  point,  finds  an  additional  support  in  the 
fOearches  pursued  by  the  author  upon  the  toxins  of  the  colon  bacillus 
''f  dysentery.  When  the  toxin  was  prepared  with  a  sample  of  mod- 
oste  virulence  and  was  relatively  weak,  its  introduction  caused  pro- 
™*  diarrhea.  When  it  was  derived  from  a  highly  virulent  sample, 
"*  action  was  more  powerful,  but  there  was  very  little,  if  any, 
iiUfstinal  flux. 
Our  knowledge  concerning  the  passage  of  toxins  into  the  milk  is 
™  from  complete.  A  few  observatJons,  notably  those  reported  by 
'svpstre,  Lesage,  and  Siebert,  tend  to  prove  that  the  u.se  of  tainted 
'wdg  may  cause  diarrhea  in  the  mother  and  the  nursling.  In  a  case 
■"^ntioued  by  Lesage  the  child,  seven  months  old,  died  in  forty-eight 
'inurs  with  sjinptoms  of  infantile  cholera.  Facts  have  been  pub- 
"^^fA  demonstrating  that  even  a  benign  intercurrent  infection  may 
unpart  to  the  milk  a  certain  degree  of  toxicity  and  give  rise  to  \'arious 
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manifestations  and  particularly  to  diarrhea  in  the  child.  This 
been  observed  in  a  case  of  phlegmonous  tonsillitis  (Henoch)  ac 
vaccinia  (Marfan).  The  experiments  of  Brieger  and  Ehrlich  dei 
strated  that  the  toxins  of  diphtheria,  tetanus,  and  typhoid  fever 
into  the  milk.  According  to  Pasquale  and  Michele,  the  same  is 
of  those  of  tuberculosis.  It  must  be  remarked,  however,  that  th< 
the  milk  of  sick  women  is  at  times  contaminated,  it  may,  ir 
majority  of  cases,  be  ingested  without  any  inconvenience.  Ir 
writer's  hospital  warcis  he  allows  the  mothers  to  niu^e  their  inl 
when  the  infection  from  which  they  suffer  is  to  be  of  short  dura 
A  great  number  of  women  suffering  from  measles,  scarlatina,  mu 
erysipelas,  sore  throat,  or  even  diphtheria,  have  continued  to  i 
without  any  harmful  results  for  the  nurslings.  It  has  been  neces 
in  most  cases,  only  to  supplement  the  diminished  secretion  o 
mother's  milk  by  artificial  feeding.  As  soon,  however,  as  defe 
cence  took  place,  the  secretion  was  re-established.  The  authoi 
inspired  to  this  practice  by  the  desire  to  avoid  weaning  the  chil 
definitely,  since  the  effects  of  artificial  feeding,  especially  amonj 
poor  classes,  are  only  too  well  known. 

The  Reactions  of  the  Organism  against  Infections. 

Role  and  Signification  of  Local  Lesions.  Disease  is  the  resi] 
two  contrary  actions :  In  the  first  place,  there  is  an  attack  of  j 
pathogenic  agent  upon  the  organism.  In  the  second  place,  a  s 
of  reactions  calculated  to  hinder  or  neutralize  the  morbid  ei 
occur. 

To  take  a  very  simple  example,  let  us  suppose  a  pyogenic  c< 
to  have  been  deposited  beneath  the  skin.  This  microbe,  findi 
the  interstitial  fluids  of  the  tissue  conditions  favorable  for  its  d 
opment,  rapidly  multiplies.  If  it  behaved  like  a  simple  inert  \ 
it  might  form  large  colonies  without  producing  any  apprec 
reaction  on  the  part  of  the  organism.  Not  so,  however.  The  nii< 
elaborates  soluble  substances,  some  of  which  alter  the  surroui 
tissues,  and  others,  carried  by  the  circulation,  directly  influenc 
entire  organism.  Reactions  on  the  part  of  the  organism  are 
aroused.  If  the  substances  elaborated  by  the  microbe  are 
active  they  cause  immediate  death  of  the  cells  with  which  they  • 
in  contact.  If  less  energetic,  they  give  rise  to  an  irritation  v 
is  expressed  by  responsive  phenomena  occurring  in  the  cell 
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without  any  intervention  of  the  nervous  system  or  the  circulation. 
At  the  same  time,  the  microbic  substances  and  the  products  elabo- 
rated by  the  altered  cells  excite  the  surrounding  vessels  and  especially 
the  nene  tenninations.  By  this  mechanism  a  series  of  new  morbid 
manifestations  is  produced,  some  of  which,  of  a  true  reflex  nature, 
return  to  the  starting  point  of  excitation,  while  others  extend  to  the 
most  distant  parts  of  the  organism. 

Even  when  the  lesion  remains  local  and  the  toxins  do  not  pene- 
trate the  economy  the  nervous  system  which,  under  normal  condi- 
tions, assures  functional  synergy,  suffices,  under  pathological  condi- 
tions, to  give  rise  to  a  series  of  morbid  sympathies.  However,  toxins 
are  ahnost  always  absorbed  and,  at  points  at  which  they  jeach  the 
cells,  they  induce  manifestations  identical  with  those  which  occur 
at  the  point  primarily  invaded,  viz.,  irritation  of  the  cells,  cellular 
reactions,  excitation  of  bloodvessels  and  nerve  terminations,  reflex 
to  the  point  of  origin  and  reflex  to  distant  parts.  Finally,  in  a  great 
number  of  instances,  the  figurate  elements  also  penetrate  the  econ- 
omy, settle  at  certain  points,  elaborate  toxins,  and  the  series  of 
nianifestations  just  described  immediately  recur. 

If  we  consider  the  point  primarily  attacked  by  a  microbe  which  has 
l^n  deposited  beneath  the  skin,  for  example,  we  see  that  at  the 
point  of  its  introduction  a  series  of  manifestations  develop,  resulting 
^  the  production  of  a  local  lesion.    The  latter  represents  a  true 
^er  opposed  to  the  invasion  of  the  pathogenic  agent.    It  is 
*h^nt  under  two  quite  different  circumstances.    If  the  microbes 
m^t  an  organism  endowed  with  perfect  immunity,  the  interstitial 
fluids  exert  a  germicidal  action  upon  them  and  prevent  their  devel- 
opment.   A  certain  number  of  them  are  killed  and  the  action  of  the 
others  is  inhibited  to  such  a  degree  as  to  allow  the  leucocytes  to 
^mpletely  eliminate  them  from  the  economy.    In  this  instance  the 
local  lesion  is  not  produced,  because  it  would  be  of  no  use.    The 
organism  is  so  resistant  that  the  invader  is  destroyed  without  any 
apparent  struggle.    Even  in  such  cases,  however,  the  destruction  of 
f^^ria  is  not  as  speedy  as  might  appear  at  first  sight.    Certain 
^n-pathogenic  bacteria,  especially  if  they  are  sporulated,  may  sur- 
^ve  for  a  very  long  period  of  time.    They  remain  as  harmless  foreign 
'todies,  and  behave  altogether  like  insoluble  substances.    It  is  likely 
ttat  they  give  rise  to  no  defensive  reaction  because  they  are  devoid 
^  initant  secretions. 
When  the  microbe  is  highly  pathogenic  or  the  organism  non* 
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resistant  the  local  lesion  is  likewise  wanting,  although  for 
different  reasons.  The  fluids  then  exercise  no  germicidal  powe 
microbe  rapidly  develops  and,  at  the  same  time,  secretes  toxins, 
of  which,  being  absorbed,  paralyze  the  nerve  centres  and  pr 
vasodilatation  preparatory  to  serious  exudation  and  diape 
Others  exercise  a  negative  chemotactic  action,  viz.,  repel  th< 
phagocytes  which  approach  the  infected  focus. 

In  cases  in  which  the  invading  microbe  is  virulent  the  local 
represents  a  salutary  reaction.  This  reaction,  however,  like  all 
reactions,  may  become  a  new  source  of  danger.  A  microbe  ' 
is  implanted  in  a  mucous  membrane  is  capable  of  causing 
serious  accidents:  for  example,  in  the  larynx,  edema  of  the  g 
in  the  lungs,  foci  of  fibrinous  pneumonia  and  bronchopneun 
which,  by  their  extent,  may  prove  fatal. 

On  the  other  hand,  the  effect  may  exceed  the  end.  The  org; 
at  times  mobilizes  all  its  reserves  upon  sUght  alarm,  and  thus  c 
useless  lesions.  The  congestion  which  surrounds  a  circumsi 
puhnonary  lesion  must  often  be  combated.  The  same  is  true 
regard  to  diarrhea  and  effusions  in  serous  membranes  which  i 
times  reach  considerable  amounts  in  disproportion  to  the 
morbid  cause  that  gives  rise  to  all  these  effects.  An  inten 
experiment  of  Gamaleia  shows  how  excessive  and  dangerous  oi 
reactions  may  sometimes  become.  This  author  produced  ii 
rabbits  a  chemical  irritation  of  the  cornea.  In  one,  reactioi 
allowed  to  follow  its  natiu-al  course,  and  terminated  in  an  op 
In  the  other  case,  the  reaction  was  checked  by  various  proce 
which  prevented  the  reflex  congestion  of  the  neighboring  parts 
the  cornea  remained  transparent. 

The  practical  importance  of  these  pathogenic  data  is  readilj 
ceived.  Since  therai)cutics  furnishes  us  mth  means  capal 
intensifying  or  attenuating  reactionary  phenomena,  it  is  the 
of  the  clinician  to  determine  the  conditions  under  which  the  ii 
mator}'  reaction  is  produced,  to  recognize  whether  it  is  useful, 
ficient,  or  excessive,  and  to  respect,  intensify,  or  moderate  it  ax 

ingly. 
Inflammatory  Reactions.    Whether  or  not  a  local  lesion  ( 

microbes  may  invade  the  economy  and  settle  in  tissues  and  oi 

In  other  cases  they  remain  localized  at  the  point  of  introdu 

but  secrete  substances  which  diffuse  and  impregnate  the  ecor 

In  both  instances,  visceral  foci  develop  which,  in  their  turn,  b< 
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the  starting  point  of  morbid  reactions.    These  reactionary  phenom- 
ena axe  known  mider  the  name  of  inflammation. 
Tio  terai  is  oftener  employed  in  medicine,  and  none,  perhaps,  has 
a  meaning  as  much  lacking  in  precision  as  the  word  inflammation. 
Discarding  the  ancient  theories,  which  are  merely  of  historical 
interest,  we  find,  at  the  present  epoch,  at  least  three  different  con- 
ceptions of  the  process  in  question :   1.  That  of  Virchow,  according  to 
^ch  inflanmiation  is  characterized  essentially  by  cellular  alterations, 
the  vascular  phenomena  being  of  secondary  importance.     2.  That 
of  Cohnheim,  who  sees  in  inflanmiation  the  smn  of  processes  which 
begin  by  vascular  dilatation  and  result  in  transudation  and  diape- 
desis  (migration).    3.  That  of  Metchnikoff,  who  defines  inflammation 
as  a  salutary  reaction  tending  to  check  infection  by  phagocytosis. 

Whosoever,  independently  of  theoretical  discussions,  looks  for  a 
characteristic  of  inflammation  will  see  that  this  term  must  retain  a 
ver)'  comprehensive  meaning.  As  the  question  here  concerns  infec- 
tious diseases,  we  shall  define  inflammation  aa  ''  the  ensemble  of 
^Miomry  pherwrnena  proditced  at  the  points  irritated  by  microbic 
te'rw." 

These  phenomena  are  multitudinous  and  may  be  classified  as 
follows: 

Alteration  of  fixed  cells. 

Reflex  vascular  disturbances. 

Exudation  and  diapedesis. 
Though  not  the  first  by  order  of  occurrence,  vascular  disorders  are 
frst  observed.  They  are  easily  appreciable,  and  the  patient  himself 
^y  notice  them  by  the  intensity  of  painful  pulsations  which  he 
experiences.  The  clinician  as  well  as  the  anatomist  detects  them 
^thout  difficulty.  It  has,  therefore,  been  asserted  that  congestion 
^  the  first  stage  of  inflammation.  As  a  matter  of  fact,  it  is  preceded 
^  a  local  change  in  nutrition.  It  is  readily  understood  that,  in 
^ity,  the  presence  of  microbic  poison  modifies  the  medium  which 
bounds  the  cells,  and,  as  Ufe  is  an  adaptation  of  the  cells  to  the 
^um,  when  the  latter  changes  the  cells  also  must  be  modified. 
Their  nutrition  and,  consequently,  their  activity  cannot  remain  what 
4ey  previously  had  been.    There  will  first  occur  a  dynamic  change 

■ 

^  the  cell,  which  change  will  bring  in  its  train  further  histochemical 
Diodifications.  A  lesion  appreciable  under  the  microscope  may  soon 
^  detected,  but  it  certainly  is  not  the  primary  lesion.  It  is  the 
'ssult  of  a  previous  disturbance  in  cell  function. 
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The  excitation  of  nerve  terminations  by  microbic  toxins  and  I 
the  products  secreted  by  the  ab^ady  modified  cells  produces  i 
active  reflex  vasodilatation  at  the  point  atta^jked.  It  is  readily  co 
ceived  that  the  more  excitable  the  nervous  system  the  earlier  w 
congestion  set  in  and,  consequently,  the  more  acute  the  process  ^ 
be;  that  is  to  say,  the  greater  will  be  the  chances  of  a  favoral 
evolution.  A  verj"  simple  experiment  confirms  this  hypothes 
After  the  sensorv  nerves  of  a  rabbit  have  been  sectioned  at  the  ba 
of  the  ear,  it  is  noticed  that  the  subcutaneous  inoculation  of  t 
streptococcus  produces  far  graver  lesions  than  in  the  intact  ear. 

According  to  the  qualities  of  the  pathogenic  agent  and  the  respc 
sive  aptitude  of  the  organism,  congestion  may  be  effected  in  a  sU 
and  progressive  manner  or  rapidly,  almost  suddenly.  In  the  latt 
case,  if  an  important  organ  is  invaded,  disturbances  may  suddei 
become  manifest.  Everyone  is  acquainted  with  the  violent  pi 
and  dyspnea  attending  acute  congestion  of  the  lungs. 

Preceding  and  explaining  serous  exudations  and  diapedesis,  acu 
congestion  represents  the  first  stage  of  inflammatory  reaction.  It 
the  beginning  of  a  defensive  act.  Therefore,  whenever  reaction 
tardy  or  weak  we  must  stimulate  the  process.  Three  procedun 
practised  upon  animals,  enable  us  to  obtain  this  result,  and  all  thr< 
by  stimulating  inflammatory  reactions,  favor  healing  of  the  lesioi 
First,  section  of  the  s\Tnpathetic,  the  influence  of  which  upon  t 
course  of  experimental  erysii)ehis  has  been  shown  (Roger).  Second 
heat,  by  the  agency  of  hot  water  circulating  about  the  affected  pai 
(Filhene).  Therapeutics  demonstrates  the  same  favorable  influer 
of  hot  ai)i)lications  in  the  treatment  of  erysipelas,  and  popular  trai 
tion  has  long  taught  us  that  a  paronychia  may  be  cured  by  plungi 
the  finder  in  almost  boiling  water.  In  this  case  the  temf)erature 
not  sufficientiv  raised  to  kill  the  microbe;  the  action  is  indin 
through  the  congestion  thus  produced.  Finally,  as  Dr.  Carnot  t 
pointed  out,  analogous  results  are  obtained  by  submitting  the  ino( 
lated  animals  to  the  influence  of  vasodilating  substances,  such 
amvl  nitrite. 

Acute  vasodilatation  of  the  affected  region  is  expressed  by  increas 
afflux  of  arterial  blood  and,  consequently,  acceleration  of  the  circ 
lation.  The  blood  remains  red  in  the  veins.  This  result  is  impc 
tant,  as  the  leucocytes  cannot  leave  the  vessels  except  when  t 
supply  of  oxygen  is  considerable.  If  the  veins  are  compressed  so 
to  slow  the  blood  current,  migration  no  longer  takes  place. 
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The  exodus  of  leucocytes  is  preceded  by  an  intermediate  stage- 


second  stage  of  inflammation — characterized  by  a  slo^ving  of  the 
blood  current.  Then  there  occur  what  Cohnheim  has  described  as 
"margination"  of  the  leucocytes.  These  cells  are  seen  to  adhere  to 
the  walls  of  the  veins,  while  in  the  capillaries  they  remain  mixed  with 
the  red  corpuscles. 

Then  begins  the  third  stage,  characterized  by  two  events  of  prime 
importance,  migration  and  exudation. 

The  leucocytes  pass  out  of  the  smaller  veins  and  capillaries.  Those 
passing  out  through  the  latter  route  leave  behind  them  small  aper- 
tures through  which  a  few  red  corpuscles  may  also  escape.  Not  all 
leucocytes,  however,  are  of  the  migratory  variety.  The  lymphocytes 
we  but  slightly  motile.  The  eosinophils  are  endowed  wdth  sluggish 
motion.  It  is  especially  the  varieties  known  as  mononuclear  and 
polynuclear  neutrophiles  that  take  the  greatest  part  in  the  i)rocess 
and  are  particularly  charged  with  the  task  of  incorporating  and 
digesting  the  microbes. 

Coincidently  mth  this  migration  there  occurs  a  more  or  less  abun- 
<i^t  exudation  consisting  of  a  serous  or  serofibrinous  fluid. 

It  is  difficult  to  gain  an  insight  into  the  mechanism  of  exudation. 

The  mechanical  explanation,  at  first  accepted,  is  daily  losing  ground. 

^t  is  admitted  that  venous  stasis  cannot  account  for  the  process  and 

that  ascites  as  well  as  hydrothorax  and  hydrocele  must  be  attributed 

^^  a  subacute  or  chronic  inflammation  of  the  peritoneum,  pleura,  or 

^^^  tunica  vaginalis,  respectively.   This  view  may  be  supported  by  the 

^^U-known  experiments  of  Ranvier  and  those  pursued  by  the  author 

^th  Dr.  Josu^.^    They  have  shown  that  ligature  of  the  three  efferent 

^*^iiis  of  the  pinna  of  the  ear  is  not  followed  by  an  effusion  into  the 

^Uular  tissue  of  the  organ;  but  if  at  the  same  time  the  superior 

^nical  ganglion  of  the  sympathetic  is  excised,  or  if  a  few  drops  of 

^  sterilized  culture  of  bacillus  proteus  is  injected,  edema  appears 

^nd  persists  for  several  days. 

The  inadequacy  of  the  mechanical  theory  is  further  shown  by  the 
*^t  that  the  transuded  fluid  does  not  possess  the  same  constitution 
^  the  blood  plasma.  The  amount  of  salts  is  the  same ;  but  not  so 
^hen  the  organic  materials  are  considered,  which  seem  to  be  fur- 
^hed  in  a  selective  manner,  as  a  true  secretion. 

When  once  out  of  the  bloodvessels,  the  leucocytes  proceed  toward 
tte  points  occupied  by  the  microbes,  and  attack  them.    There  has 

'  Hoger  et  Jo8Ui6.    Note  sur  la  pathog^nie  de  I'oedeme.    Soc.  de  biologie,  July  27, 1805. 
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been  much  discussion  in  reference  to  the  wonderful  faculty  wit 
which  they  are  said  to  be  endowed  or  the  kind  of  instinct  the; 
display.    Recent  researches  demonstrate  that  the  process  is  o 
embraced  by  a  law  of  general  biology.    It  is  a  phenomenon  firs 
studied  by  naturalists,  and  which  Pfeiflfer  has  described  under  thi 
name  chemotaxis,  and  of  which  Pekelharing  and  especially  Bordet>- 
and  Massard  have  shown  the  importance  in  animal  pathology. 

The  soluble  substances  may  be  divided  into  three  groups,  according 
as  they  attract,  repel,  or  exert  no  action  whatever  upon  the  leuco- 
cytes. 

The  majority  of  microbic  products,  and  notably  those  of  staphy- 
lococcus aureus,  attract  the  migratory  cells.  The  waste  products 
of  the  cells  of  the  economy  do  the  same,  a  fact  of  the  greatest  con- 
sequence, since,  from  the  very  beginning  and  during  the  entire  course 
of  infection,  microbes  secrete  substances  which  alter  or  kill  the  cells. 
On  the  contrary,  the  bacillus  of  chicken  cholera  exercises  a  negative 
chemotactic  action,  viz.,  it  repels  the  leucocytes,  at  least  those  of 
the  rabbit.    Hence,  the  facility  of  microbic  generalization. 

The  round  cells  which  are  found  in  an  inflammatory  exudate  are 
not  all  derived  from  the  blood.  A  certain  number  of  them  are  fur- 
nished by  the  fixed  cells  of  the  connective  tissue.  In  this  connection 
the  most  interesting  modifications  are  those  of  the  giant  elements 
described  by  Ranvier  under  the  name  cldsmatocytes. 

The  fat  of  the  adipose  cells  disappears  and  the  elements  resume  a 
younger  form.  The  endothelia  likewise  tumefy  and  return  to  their 
embryonal  shape.  In  a  word,  the  cells  of  mesodermic  origin  resume 
the  functions  which  they  exercised  during  the  embryonal  period. 
They  recover  their  contractility  and  motility.  This  law  seems  to 
be  applicable  even  to  the  muscular  fibres.  In  this  instance,  however, 
more  highly  organized  and,  consequently,  more  sensitive  elements 
are  concerned.  Therefore,  the  process  of  degeneration  prevails  over 
the  reactionary  phenomena. 

In  the  midst  of  these  profound  modifications  the  epithelial  cells 
do  not  remain  intact.  If  the  toxins  are  not  very  noxious  the  modi- 
fication of  the  medium  excites  an  increased  activity  on  the  part  of 
the  cellular  element,  and  the  phenomena  of  proliferation  and  notably 
karyokinetic  figures  occur.  AMien,  on  the  contrary,  the  toxins  are 
highly  energetic,  the  exchanges  between  the  adulterated  medium  and 
the  epithelial  cells  caase  a  series  of  functional  disturbances  which 
soon  result  in  structural  modifications.    The  cell  may  be  killed  at 
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the  outest.  It  undergoes  a  particular  fermentation  which  transforms 
it  into  a  homogeneous  mass  resembling  fibrin.  This  is  known  as 
coagulation  necrosis.  In  case  the  element  is  still  capable  of  reacting 
it  presents  the  series  of  lesions  which  have  been  described  as  granular, 
pigmentary,  hyaline,  colloid  or  mucous,  vitreous,  caseous  degenera- 
tion, and  the  hke.  It  may  be  stated  that,  as  a  rule,  degeneration 
occurs  more  frequently  and  earlier  in  epithelia  than  in  connective 
tissue  cells,  for  the  reason  that  the  structure  of  the  former  is  more  deU- 
cate  and  renders  them  more  sensitive  to  various  morbific  influences. 
The  changes  in  the  structure  of  cells  revealed  by  the  microscope 
result,  as  already  stated,  from  functional  disorder  caused  by  modi- 
fications of  the  medium.  It  must  be  noted,  however,  that  the  nutri- 
tional disturbances  in  their  turn  influence  the  functions  of  the  cells 
and  notably  their  secretory  activity.  In  cases  of  slight  inflamma- 
tion the  cells  react  with  energy,  and  their  secretions  are  more  abun- 
dant than  under  normal  conditions.     It  will  suffice  to  recall  the 

• 

intense  salivation  occurring  in  angina,  the  nasal  flow  in  coryza, 
hronchial  hypersecretion  in  inflammations  of  the  respiratory  pas- 
sages, the  diarrhea  in  enteritis,  etc.  When  the  process  is  violent, 
the  reverse  is  observed.  Secretions  dry  up:  the  tongue,  the  throat, 
tte  skm  are  dry,  and  urine  is  scanty 

According  to  the  nature  or  intensity  of  the  process,  the  aspect  of 
tiie  inflammatory  focus  varies  considerably.  In  its  simplest  expres- 
^onthe  lesion  consists  of  a  serous  exudate.  In  a  higher  degree,  the 
fibrin  coagulates,  pseudomembranous  deposits  appear,  and  exudates 
are  formed.  If  the  toxins  cause  the  death  of  a  certain  number  of 
cells,  the  exudate  undergoes  a  purulent  transformation.    In  other 

• 

stances  bacteria  produce  therein  fermentations  similar  to  those 
<^aracterizing  putrefactions.  The  result  is  then  a  putrid  effusion 
^f  a  gangrene,  according  as  the  process  occurs  in  the  exudated  fluid 
Of  in  the  tissue  itself. 

^Tien  the  round  cells  are  very  abundant  they  are  either  scattered 
<>f  form  nodules.  These  embryonal  masses  may  undergo  a  series  of 
Ganges  resulting  in  the  production  of  simple  or  specific  inflammatory 
P^ulations,  such  as  infectious  nodules,  tubercles,  syphilomata, 
'epromata,  and   the  like. 

As  to  reparation  of  the  lesion,  it  may  be  complete  or  incomplete, 
^2.,  the  tissue  may  resume  its  primary  aspect  or  permanently  retain 
lesions— indelible  marks  of  the  inflammatory  process  of  which  it  has 
been  the  seat. 
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In  the  former  case  the  lesions  have  been  slight.  A  few  ct 
perished  in  the  struggle,  but  were  picked  up  and  digested  by  1 
macrophages.  The  survivors  which,  during  the  stationary  peri< 
were  in  karyokinesis,  rapidly  replaced  the  destroyed  elements. 

When,  however,  the  process  is  intense  or  lasts  for  a  long  per 
of  time,  complete  repair  is  impossible.  The  epithelial  eleme 
undergo  too  profound  degeneration  or  perish  in  too  great  niunlx 
They  are  then  replaced  by  connective  tissue  which,  owing  to 
more  elementary  organization,  is  more  resistant.  A  sclerotic  tisi 
is  thus  produced  which  is  at  first  traversed  by  numerous  vess 
but  the  latter  are  not  endowed  with  great  vitality,  and  soon  ( 
appear,  leaving  the  cicatrix  in  a  state  of  dried  tissue. 

Serous  Exudates.  Serous  exudations  may  be  produced  in 
subcutaneous  cellular  tissue,  in  serous  membranes,  in  parenchyu 
Uke  the  lungs,  and  less  often  in  glands,  as  is  the  case  in  mum 
These  exudates  resemble  the  blood  serum,  but  differ  among  the 
selves  in  their  chemical  composition.  From  this  standpoint  tl 
have  been  divided  into  two  classes :  One  comprises  the  inflammat 
serosities,  with  a  specific  gravity  reaching  or  exceeding  1018.  Th 
are  remarkable  for  their  richness  in  proteid  substances  and  in  fibi 
and  coagulate  spontaneously  in  the  air.  The  second  class  cc 
prises  the  mechanical  dropsies,  which  contain  but  a  small  aihoi 
of  nitrogenous  substances,  and  do  not  coagulate  unless  cert 
elements,  such  as  blood  serum,  ferment  solution,  or  myosin 
added. 

Between  these  two  extreme  types  there  are  numerous  transitic 
Belief  in  the  importance  of  mechanical  exudation  is  on  the  decli 
It  is  asserted  that  even  in  cases  of  cardiac  and  Bright's  disease  ser 
exudations  are  often  ascribable  to  the  presence  of  bacteria.  Undou 
edly  all  edemas  should  not  be  considered  as  inflammatory  in  nat\ 
Venous  stasis,  cardiac  incompetency,  renal  impermeability,  and  r 
vous  derangements  produce  edemas  independently  of  all  inflami 
tory  process.  These  facts  are  relatively  rare,  however,  and  mosi 
the  dropsies  of  serous  membranes  are  held  to  be  subacute  infli 
mations.  This  view  finds  strong  support  in  the  fact  that  a  gr 
many  microbes  are  capable  of  i)roducing  edema,  as  has  experim 
tally  been  demonstrated  with  the  bacillus  anthracis,  the  bacillui 
diphtheria,  and  the  streptococcus  of  erysipelas.  Nearly  all 
known  microbes  might  be  cited  as  capable  of  giving  rise  to  sub 
taneous  edemas.    Among  the  most  important  may  be  mentio: 
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the  hacierium  lymphagogon  of  Hamburger,  the  proteus  vxdgaris, 
whose  soluble  products  have  also  an  edemagenie  influence,  and  the 
^afhylococcus  aureus.  The  last-named  microbe  is  habitually  con- 
sidered as  no  more  than  a  pus  coccus.  The  author  has  noticed, 
however,  that  the  subcutaneous  inoculation  of  certain  samples  pro- 
duces considerable  edemas  proving  rapidly  fatal,  without  the  forma- 
tion of  pus.  This  result  is  not  surprising,  as  most,  if  not  all,  of  the 
microbes  above  referred  to  are  apt  to  produce  either  edema  or  sup- 
puration. In  the  former  case  the  pathogenic  agent  is  very  virulent; 
serous  exudation  takes  place,  but  the  leucocytes  cannot  enter  the  field 
in  sufficient  numbers.  In  the  latter  case  the  microbe  is  less  active, 
and  migration  is  produced.  In  spite  of  appearances,  the  two  pro- 
cesses are  the  same,  differing  only  in  degree.  Anthrax,  for  instance, 
gives  rise  to  a  fatal  edema  in  the  guinea-pig  and  rabbit.  In  the  adult 
rat,  which  is  wellnigh  refractory  to  the  disease,  an  abscess  is  the 
lesult.  Samples  of  staphylococcus  when  attenuated  by  successive 
cultures  in  artificial  media  become  pyogenic.  The  same  is  true  of 
the  streptococcus.  According  to  the  degree  of  virulence  of  the 
sample  or  the  resistance  of  the  animal,  the  result  is  death  without 
a  local  lesion,  development  of  a  fatal  or  curable  edema,  or  production 
of  a  localized  abscess  of  little  gravity 

Our  knowledge  concerning  the  chemical  constitution  of  inflam- 
matory subcutaneous  edemas  is  very  limited.  All  we  know  is  that 
they  differ  from  blood  serum  and  lymph.  They  also  differ  from  one 
^^  to  another.  They  are  not  like  the  exudates  of  the  serous  mem- 
branes. It  may,  therefore,  be  concluded  that  they  are  due  not  to 
^ple  transudation,  but  to  a  sort  of  secretion,  or  at  least,  according 
to  Jaccoud's  expression,  to  a  selective  transudation. 

Pleural  exudates  have  more  particularly  attracted  the  attention 
of  chemists,  and  the  difference  between  inflanmiatory  and  simply 
dropsical  effusions  is  clearly  established.  The  latter  process  is  to  be 
^derstood  as  an  inflammation  of  subacute  or  torpid  character. 
Halliburton,  who  analyzed  three  cases  of  pleinisy  and  three  of 
hydrothorax,  gives  the  following  demonstrative  figures:  specific 
Pavity  varied  from  1020  to  1023  in  the  former  instance;  from  1012 
^0  1016  in  the  latter.  Proteid  substances,  in  pleurisy,  oscillated 
between  34  and  52  per  1000.  Fibrin  amounted  to  0.1  or  1 ;  globulin, 
12  to  30;  and  serin,  11  to  33  per  1000.  In  hydrothorax,  proteid 
Diaterials  did  not  exceed  13  to  25;  fibrin,  0.06  to  0.1;  and  serin,  7 
^^  18.    Globulin  varied  from  4  to  7  per  1000.    These  results  clearly 
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show  that  mflammatory  exudates  are  denser,  richer  m  protein,  anc 
especially  in  fibrin.  It  is  but  just  to  recall  that  Mehu's  researchei 
already  pointed  to  these  conclusions. 

Pseudomembranes.  It  is  customary  in  Germany  to  divide  pseu 
domembranous  processes  into  two  groups,  namely,  superfidal  o 
croupous,  and  diphtheritic  or  profound.  These  expressions  lead  t 
confusion,,  and  must  be  abandoned.  They  correspond,  however,  t 
a  necessary  distinction.  As  a  matter  of  fact,  in  some  cases  the  fals 
membrane  covers  up  a  mucous  membrane,  of  which  it  reaches  th 
most  superficial  parts  only.  In  other  instances,  the  pseudomen 
branous  exudate  results  from  a  necrosis  of  a  more  or  less  profoun 
diphtheroid  gangrene.  The  former  process  is  realized  by  certai 
microbes,  notably  the  bacillus  of  diphtheria.  The  latter  proce 
characterizes  the  destructive  affections  of  toxic  or  microbic  crip: 
Caustics,  such  as  silver  nitrate,  and  the  most  varied  microl>es  nu 
produce  lesions  of  membranous  character.  Such  is  the  case  in  ulcc 
ating  stomatitis,  whicli  actually  represents  a  superficial  gangrene 
the  mouth.  Such  is  also  the  case  in  certain  pseudomembrano 
cystites,  pyelitis,  and  enterites.  The  so-called  false  membranes  8 
nothing  more  than  parts  or  shreds  of  the  altered  mucous  membrai 

There  is,  then,  a  marked  difference  between  the  two  process* 
The  first  is  due  to  a  general  reaction  of  the  organism;  the  seco 
results  from  the  necrosing  action  of  a  pathogenic  agent.  The  forn 
is  characterized  by  the  development  of  a  concrete  exudate  upon  t 
surface  of  a  mucous  membrane ;  the  latter  by  exf oUation  and  exp 
sion  of  a  pre-existing  part  which  has  been  killed. 

Leaving  aside  the  description  of  diphtheroid  gangrenes,  which  t 
be  discussed  elsewhere,  let  us  now  consider  the  true  pseudome 
branous  process. 

Under  the  habitual  conditions  of  life  this  process  may  be  considei 
as  always  dependent  upon  microbic  infection.  There  is  not,  he 
ever,  a  specific  diphtherogenic  microbe.  The  false  membrane  rep 
sents  a  quite  common  reaction  which  may  be  excited  by  a  numl 
of  bacteria.  On  the  other  hand,  an  agent  capable  of  giving  rise 
the  formation  of  a  false  membrane  may  in  other  instances  prodi 
an  edematous  exudation  or  a  purulent  focus.  The  difference  depei 
upon  the  virulence  of  the  microbe,  the  seat  of  the  lesion,  and  1 
condition  of  the  subject.  These  secondary  influences  intervene 
all  cases,  even  when  Loeffler's  bacillus  is  the  agent  concerned.  1 
diphtherogenic  action  of  this  microbe  is  manifested  only  in  parts 
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contact  with  air,  while  subcutaneous  inoculations  produce  only 
edema  rich  in  fibrin,  but  no  false  membranes. 

It  is  a  well-established  law  that  the  figurate  agents  act  only  by 
their  secretions.  This  law  is  applicable  to  the  pseudomembranous 
processes.  It  has  for  a  long  time  been  beUeved  that  false  membranes 
Tfere  not  produced  except  imder  the  influence  of  living  bacteria 
acting  upon  an  altered  mucous  membrane,  and  that  the  effect  of  the 
toxins  was  simply  to  induce  a  vasodilatation  permitting  the  migra- 
tion of  leucocytes. 

This  conception  has  been  abandoned  in  consequence  of  experi- 
ments pursued  by  Dr.  Bayeux  and  the  author  and  the  confirmative 
researches  of  Dr.  Morax.  From  these  investigations  it  was  shown 
that  the  diphtheritic  toxin  introduced  into  the  trachea  may  be 
absorbed  by  the  respiratory  passage  and  give  rise  to  a  general  intoxi- 
cation. This  is  what  occm^  in  animals  highly  sensitive  to  this  poison, 
8uch  as  the  guinea-pig.  In  rabbits,  which  are  more  resistant,  a  local 
reaction  is  often  produced,  resulting  in  the  formation  of  a  false  mem- 
brane. It  seems  that,  in  this  instance,  the  poison  exhausts  itself  in 
local  effects,  since  if  the  animal  is  sacrificed  nothing  but  mechanical 
feions,  such  as  pulmonary  emphs^sema,  are  found.  Visceral  lesions, 
^ch  express  general  intoxication,  are  absent.  We  may,  therefore, 
extend  to  toxins  what  is  already  demonstrated  with  reference  to 
fcing  microbes — viz.,  that  the  local  lesion  is  the  sign  of  attenuated 
poison.  At  all  events,  it  is  produced  only  when  the  animal  is  endowed 
^th  a  certain  degree  of  resistance. 

Similar  results  may  be  obtained  by  operating  upon  other  mucous 
membranes.  It  has  been  possible  to  produce  pseudomembranous 
^njmictivitis,  vulvitis,  etc.,  by  simply  depositing  the  pure  toxin  of 
<liphtheria  upon  the  mucous  membrane ;  but,  as  this  has  already  been 
demonstrated  with  regard  to  suppin-ation,  the  more  slowly  the  poison 
P^oetrates  the  greater  is  the  success  of  the  experiment. 

Experimental  results  explain  certain  clinical  facts  in  which  false 
Diembranes  were  foimd  to  have  extended  far  bevond  the  seat  of 
Aerobic  colonies.  Such  was  the  singular  case  which  the  author 
^*eerved  with  Dr.  Gamier.*  A  false  membrane  originated  at  the 
*vel  of  the  superior  vocal  cords  and  epiglottis  and  extended  unin- 
^ptedly  as  far  as  the  smallest  bronchial  ramifications.  As  may 
be  seen  in  the  figure  below,  the  false  membrane  represents  a  perfect 
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mould  of  the  bronchial  tree.  Below  the  ramifications  of  the  third 
order  the  membrane  was  so  thin  that  it  was  impossible  to  extract 
more  than  fragments.  It  is  readily  conceivable  that  tracheotomy 
failed  to  relieve  the  patient,  since  the  olstruction  of  the  respiratory 
passages  was  complete. 


Dij.hthi 


The  nature  of  the  production  was  verified  by  cultures.  At  tJ*^ 
time  of  admission  of  the  sufferer  a  culture  was  made  with  exudate 
taken  from  the  tonsils,  and  the  presence  of  Loeffler's  bacillus  wfl* 
demonstrated.  At  the  necro])sy  fragments  were  taken  from  the 
middle  intrapulmonary  ramifications  antl  cultivated.  A  small  num- 
ber of  the  bacilli  were  found.  Tlie  culture  tubes  inoculated  ^vith  the 
material  from  the  la.st  ramifications  remained  sterile. 

The  extension  of  the  process  cannot,  therefore,  be  attributed  to 


DEFENSES  AJfD  REACTIONS  OF  THE  ORGANISM.  179 

tile  propagation  of  the  bacilli,  since  their  number  diminished  in  pro- 
portion to  the  distance  the  points  examined  were  from  the  larynx, 
and  disappeared  in  the  smallest  branches  of  the  bronchial  tube. 

To  explain  the  production  of  pseudomembranes,  several  theories 
have  been  advanced.    The  simplest  idea  is  to  assume  an  exudation 
of  a  fibrinogenic  substance  which  coagulates  on  contact  with  the  air. 
Wagner  asserts  that  false  membranes  are  produced  by  the  cells  of 
the  tissues  which  unite  by  means  of  prolongations.    It  is  now  gen- 
erally admitted  that  an  exudate  is  constituted,  on  the  one  hand,  of 
fibrinogenic  substance  and,  on  the  other,  of  altered  cells.   The  fibrino- 
genic substance  escapes  from  the  vessels  and  finds  the  best  condi- 
tions for  coagulating — it  is  in  contact  with  the  air,  it  meets  with 
dead  leucocytes  which  here,  as  everjrwhere,  play  a  great  part  in 
coagulation ;  it  is  spread  out  upon  a  mucous  membrane  the  cells  of 
which  are  diseased.    From  the  time  of  Cohnheim  and  Weigert  it  has 
been  known  that  epithelia  as  well  as  endothelia  do  not  oppose  the 
coagulating  of  exudations  except  when  they  are  intact.     At  the  same 
time  a  certain  r61e  is  to  be  attributed  to  the  cells  of  tissues  which 
l^ecome  fibrinified  according  to  the  process  described  by  Weigert 
^der  the  name  coagulation  necrosis. 

Thus,  made  up  at  the  expense  of  the  fibrin  of  the  blood  and  of 
^e  cells,  false  membranes  appear  under  variable  aspects.  They  may 
^  found  in  serous  exudates  where  they  float  in  the  fluid.  In  other 
^^^  they  are  more  abundant  and  line  the  two  surfaces  of  the  serous 
membrane,  and  may  cause  them  to  adhere.  Lastly,  they  are  not 
l^requently  seated  upon  the  surface  of  a  mucous  membrane,  adher- 
^  to  it  more  or  less  intimately. 

Should  one  of  these  pseudomembranes  be  stripped  off,  an  ulcerated, 
s^itly  bleeding  surface  is  exposed,  which  clearly  proves  that  we  are 
dealing  not  with  a  simple  deposit,  but  a  more  profound  lesion. 

The  detached  false  membrane  is  sufficiently  resistant.  It  does 
^<^t  disintegrate  when  agitated  in  water,  thus  being  distinguished 
'^mpultaceous  layers  or  mucous  accretions.  It  is  dissolved  by  lime- 
^%  and  by  sodium  hypochlorite ;  its  richness  in  fibrin  explains  why 
it  decomposes  oxygenated  water. 

^'nder  the  microscope  a  false  membrane  is  found  to  be  composed 
of  anastomosed  fibrinous  threads,  sending  out  prolongations  which 
attach  themselves  to  the  subendotheUal  tissues  by  a  series  of  arcades. 
This  explains  why  the  production  is  adherent.  The  fibrin  appears 
in  the  form  of  lamell®,  compact  masses,  or  spiral  threads.    In  the 
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midst  of  the  fibrin  can  be  seen  mucin,  fat,  altered  cells,  and  in  most 
cases,  numerous  microbes. 

The  false  membrane  may  grow  by  the  addition  of  new  lajrers  of 
fibrin  and  be  reproduced  when  it  is  stripped  off.  The  considerable 
amount  of  fibrin  which  may  thus  be  eliminated  is  not  to  be  wondered 
at.  Dr.  Dastre  has  demonstrated  how  rapidly  this  substance  is  pro- 
duced in  the  organism.  If  the  greater  part  of  the  blood  of  a  dog 
be  defibrinated  and  again  introduced  into  the  vessels,  it  will  soon  be 
found  that  the  blood  has  become  as  rich  in  fibrin  as  normal. 

When  a  false  membrane  occupies  the  surface  of  a  mucous  mem- 
brane, that  of  the  throat  for  instance,  a  time  will  come  in  fortunate 
cases  when  the  secretions  of  the  subjacent  glands  will  detach  thfe 
pseudomembrane  and  cause  its  exfoUation.    The  remaining  adherent 
particles  will  be  removed  by  the  phagocytes.    This  process  may  b^ 
assisted  by  means  of  pilocarpine  which,  by  stimulating  glandula^^ 
secretion,  hastens  exfoliation  of  the  pathological  membranes,    i^^ 
some  instances  the  latter  disappear  in  consequence  of  a  histochemic»J 
transformation.    They  undergo  a  granular  or  hyaline  degeneratic^^ 

In  other  cases  in  tissues,  and  particularly  in  serous  membran-^^ 
the  false  membrane,  instead  of  disappearing,  becomes  organized.  X"*'^ 
fixed  and  the  wandering  cells  proliferate,  and  the  tissue  becoi^^^^ 
vascularized.  In  this  manner  are  formed  adhesions  which  n^  ^ 
subsequently  be  absorbed,  or  undergo  sclerotic  transformation,  ^ 
become  infiltrated  with  calcareous  salts. 

The  production  of  false  membrane  must  be  considered  as  a  pb"^^^ 
nomenon  of  defensive  reaction.  It  is  a  barrier  opposed  to  the  per^^ 
tration  of  microbes  and  toxins.  In  some  cases  it  is  a  reinforc«m( 
of  tissues,  preventing  their  destruction  under  the  influence  of  pat] 
logical  causes.  Tliis  is  equally  true  as  regards  the  false  membran::^^ 
developing  upon  serous  membranes. 

In  this  mode  of  defensive  reaction,  as  in  other  instances,  excess 
often  possible.  The  diphtheritic  false  membrane  may,  by  reason 
its  location,  cause  grave  and  fatal  distm'banc^  of  a  mechani< 
order.  The  adhesions  of  serous  membranes  embarrass  the  mo'^ 
mcnts  of  subjacent  viscera,  give  rise  to  deformities,  compress  imj 
tant  organs  or  excretory  passages,  and  thus  bring  in  their  traiiB- 
whole  series  of  morbid  manifestations. 

Although  the  process  is  somewhat  different,  the  production  ^ 
exudates  rich  in  fibrin,  as  well  as  those  produced  by  the  pneum^^' 
coccus,  may  be  compared  to  false  membranes.     The   expressi<^^ 
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*  croupous  pneumonia,"  at  times  applied  to  the  pneumococcic  inflam- 
mation, suggests  this  analogy.    We  find  the  same  pathogenesis  for 
the  pneumococcic  exudates  as  for  diphtheritic  productions.    The 
investigations  of  Camot  establish  that  they  depend  upon  microbic 
toxins.    Their  signification  is  identical  in  both  cases.     They  are 
lesions  intended  to  protect  the  organism  against  the  penetration  of 
nuCTobes  juad  of  toxins.    On  taking  into  account  the  nature  of  these 
two  sorts  of  exudates,  we  reach  the  conclusion,  which  is  equally  that 
of  Gilbert  and  Foumier,  that  fibrin  plays  a  defensive  r61e  of  consid- 
erable importance. 


CHAPTER  VII. 

SUPPURATION. 

Division  of  Pyogenic  Microbes  into  Five  Groups:  The  Habitual,  the  Specific,  tk 
Accidental,  the  Vegetable,  and  the  Protozoic  Pyogenics.  Relative  Frequene 
of  Various  Pyogenic  Agents.  Distribution  of  Pyogenic  Ificrobes  in  and  Outs< 
the  Organism.  Causes  Favoring  Suppuration:  Importance  of  Number  ai 
Virulence  of  Microbes;  of  the  Mode  of  Entrance;  of  Previous  Lesions.  Geoi 
alization  of  Suppurating  Processes.  Amicrobic  Suppurations.  R61e  of  Sdu} 
Substances  in  the  Production  of  Pus.  Ph3r8ical  and  Chemical  Characters  of  F 
Mode  of  Development  and  Evolution  of  Suppurations.  Hot  and  Cold  Abscetf 
Suppuration  in  the  Various  Parts  of  the  Ox^anism. 

From  a  histological  standpoint,  suppuration  is  essentially  chi 
acterized  by  the  formation  of  an  exudate  containing  very  lai 
numbers  of  round  cells,  more  or  less  similar  to  leucocytes.  Thi 
cells,  therefore,  became  the  first  subject  of  research.  Virch 
beUeved  they  were  derived  from  the  fixed  cells  of  the  inflamed  tiss 
Cohnheim  contended  that  pus  corpuscles  were  nothing  else  than  leu 
cytes  which  had  left  the  vessels  by  migration.  Each  of  these  o 
ceptions,  as  we  shall  see  later,  contained  some  part  of  the  tru 
but  they  did  not  solve  the  problem.  It  was  necessary  to  disco 
the  influences  which  caused  the  round  cells  to  accumulate  in  an  or( 
or  tissue  and  the  conditions  under  which  inflammation  termina 
in  suppuration. 

During  the  epoch  of  Virchow  it  was  admitted  that  any  cause 
irritation  could  induce  suppurative  inflammation.  Later,  it  \ 
asserted,  on  the  contrary,  that  the  various  physical,  mechanic 
and  chemical  excitants  are  incapable  of  producing  pus  unless  ' 
foreign  body  introduced  has  special  specific  properties,  \dz.,  unl 
it  serves  as  tlie  vehicle  of  pyogenic  microbes.  Caspard,  as  early 
1822,  and  after  him,  Gunther,  d'Arcet,  Castelneau,  and,  above 
Sedillot,  showed  by  experiments  that,  when  injected  beneath 
skin  or  into  the  serous  membranes,  pus  can  produce  suppurati 
but  did  not  demonstrate  the  specific  nature  of  the  process. 

In  1872  Chauveau  pointed  out  that  the  phlogogenic  power  of  ] 
depends  not  upon  the  serum,  but  upon  the  solid  parts;  that  the  ] 
corpuscles  possess  a  special  property,  while  the  mineral  substan 
and  the  cells  derived  from  the  lymphatic  glands  are  not  capable 
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pving  rise  to  suppuration.  It  was  thus  established  that  all  foreign 
bodies  are  not  pyogenic.  The  nature  and  causation  of  the  primary 
focus  remained  to  be  determined. 

lister  admitted  the  rdle  of  germs  without,  however,  believing  that 
their  intervention  is  indispensable.  He  supposed  that  suppuration 
may  be  referable  to  other  causes,  for  instance,  the  action  of  chemical 
agents  or  the  influence  of  some  nervous  disturbance.  From  that 
epoch  onward  attention  was  called  to  the  r61e  of  microbic  agents. 
In  1872,  Klebs  described  a  microsporon  septicum  capable  of  pro- 
ducing pus.  In  1875  Bergeron  noticed  the  presence  of  vibrions  in 
the  pus  of  acute  abscesses.  Kocher,  studying  a  great  number  of 
abscesses,  constantly  found  bacteria,  and  was  thus  led  to  the  con- 
dusioa  that  there  is  probably  no  suppuration  without  microbes. 
This  was  also  the  opinion  of  Che3aie,  Koch,  and  C!ornil,  and  it  gen- 
ially seems  to  be  true  in  practise. 

Under  certain  conditions  almost  all  microbes  are  capable  of  exert- 
ing pyogenic  action.    In  order  to  facilitate  description,  however,  we 
niay  artificially  divide  them  into  four  groups :    First,  the  habitual 
^nts  of  suppuration,  the  pyogenics,  properly  so-called.    Not  that 
ttey  are  foxmd  only  in  purulent  foci — since  the  staphylococcus  has 
l^n  met  with  in  serous  exudates,  in  pleurisies,  in  rheumatism,  and 
ttie  same  is  true  of  the  streptococcus — but  because  we  consider  that 
tiieh"  most  characteristic  property  is  the  production  of  pus  in  the 
^'^anism.    Secondly,  unlike  the  common  pyogenic  microbes  which 
^^  abundantly  distributed  in  nature,  and  often  live  as  epiphytes  or 
^^prophytes,  there  are  specific  pyogenics,  always  pathogenic  and 
^^ays  creating  suppurative  lesions.    This  group  includes  five  spe- 
^^^:  the  diplococcus  of  cerebrospinal  meningitis,  the  micrococcus  of 
gonorrhea,  the  bacillus  of  soft  chancre,  the  bacillus  of  glanders,  and 
^e  bacillus  of  bubonic  plague.    The  third  group  comprises  microbes 
^hich  are  quite  different  from  the  preceding — specific  agents  which 
*^abitually  produce  well-defined  diseases,  such,  for  instance,  as  the 
Aerobes  of  tjrphoid  fever  or  of  influenza.    These  become  pyogenic 
^nly  under  special  conditions,  to  be  referred  to  later.     Finally,  in  a 
fourth  division  it  is  convenient  to  group  those  pyogenic  agents  which 
^0  not  belong  to  the  class  of  bacteria. 

The  following  table,  although  incomplete,  comprises  the  princii)al 
P^asites  capable  of  inducing  suppuration : 
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1.  Pyogenic  Bacteria. 
Staphylococci, 

Staphylococcus  pyogenes  aureus  (Rosenbach). 

Staphylococcus  pyogenes  citreus  (Passet). 

Staphylococcus  pyogenes  albus  (Rosenbach^. 

var. :  Staphylococcus  salivarius  pyogenes  (Biondi). 
Staphylococcus  of  Almquist. 

Staphylococcus  pyosepticus  (Hericourt  and  Richet). 
Staphylococcus  epidermidis  albus  (Welch). 
Microbe  of  the  Biskra  button  (Duclaux). 
Streptococci. 

Streptococcus  pyo^nes  (Rosenbach). 
Streptococcus  erysipelatis  (Fehleisen). 
Streptococcus  articulorum  (Loeffler). 
Streptococcus  pyogenes  miJignus  (Flu§ge). 
Streptococcus  septicus  (Nicol&ier  and  Guamieri). 
Streptococcus  septopyemicus  (Eberth  and  Wolff). 
Streptococcus  conglomeratus  (Kurth). 
Streptococcus  ramosus  (Roger  and  Weil). 
Streptococcus  of  acute  Bright 's  disease  (Manneberg). 
Streptococcus  equi  (Schutz). 
Streptococcus  ruber  (Lundstrom). 

Streptococcus  of  contagious  maxninitis  of  the  cow  (Nocard  and  Mollerei 
Streptococcus  septicus  Uquefaciens  (Babes). 

Streptococcus  pneumonise  (pneumonococcus  of  Talamon-Fraenkel). 
Micrococcus  pyogenes  tenuis  (Rosenbach). 
Micrococcus  pneumoniae  (Ortner). 
Microbe  of  pneumonia  of  the  horse  (Schutz). 
Other  micrococci. 

Micrococcus  tetragenus  (Koch,  Gaffky). 
Micrococcus  gingivae  pyogenes  (Miller). 
Micrococcus  endocarditis  rugatus  (Weichselbaum). 
Micrococcus  subflavus  (Fliigge). 
Micrococcus  pyogenes  fetidus  (VeiUon). 
Staphylococcus  parvulus  (Veillon  and  Zuber). 
Diplococcus  rezuformis  (Cottet). 

Micrococcus  of  gangrenous  mammitis  of  the  lamb  (Nocard). 
Micrococcus  of  necrosis  of  the  mouse  (Koch). 
Micrococcus  of  pyemia  of  rabbits  (Koch). 
Micrococcus  of  progressive  suppuration  of  rabbits  (Koch). 
Bacilli, 

Bacillus  coli  (Escherich). 

B.  lactis  aerogcnes  (Escherich). 

B.  pyogenes  fetidus  (Passet). 

B.  burci. 

B.  endocarditis  griseus  (Weichselbaum). 

B.  enteritidis  (Gaertner). 

Pyobacillus  Fischeri. 
Pneumobacillus  (Fricdlaender). 

B.  meningitidis  purulentaj  (Neumann  and  Schaeffer). 
B.  sycosis  (Tommasoli). 
Bacillus  of  noma  (Schimmelbusch). 
B.  pyogenes  soli  (Bolton). 
B.  dentatis  \'iridan8  (Miller). 
Proteus  Zenkeri. 

Bacillus  fetidiL*?  liqucfacicns  (Ivcnz). 
B.  nephritidis  (Letzerich). 
B.  pulpsD  pyogenes  (Miller). 
B.  gingivse  pyogenes  (Miller). 
B.  capsulatus  (Chiari). 
Proteus  vulgaris  (Hauser). 
Proteus  mirabilis  (Hauser). 
Proteus  pleomorphus  (Karlinski). 
Bacillus  saprogenes  II.  (Rosenbach). 
Bacillus  saprogenes  III.  (Rosenbach). 
B.  pj'ogenes  gazeigenes  (Le\'>',  Fraenkel). 
B.  perfringens  (Veillon  and  Zuber). 
B.  ramosus  (Veillon  and  Zuber). 
B.  serpens  (Veillon  and  Zuber). 
Bacillus  fragilis  (Veillon  and  Zuber). 
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B-   i'vaaiformifl  (Veillon  and  Zuber). 

B-   f  i^x-<;osu8  (Veillon  and  Zuber). 

S^*"^I>'feobacill\is  pyogenes  floccoeiu  (P.  Courmont  and  Cade). 


2.  Specific  Ptoobnic  Bacteria. 

I^I>lococcii8  intracellularis  meningitidis. 

Oonoooccus. 

^A.cillu8  of  soft  chancre. 

^^oillus  of  glanders. 

^^<^Ll\is  of  the  bubonic  plague. 

3.  Accidental.  Pyooenic  Bacteria. 
&-    sixithracis. 
^-   of  gaseous  gangrene. 
S-   of   symptomatic  anthrax. 
B.  of   hemorrhagic  septicaemia. 
B-  of  purulent  rhinitis  of  the  rabbit. 
B-  of  tuberculosis. 
B.  of   pseudotuberculosis. 
B.  of  influenza. 
B.  of  typhoid  fever. 

4.  Pyogenic  Plants. 

Streptothrix  or  oospora  asteroides. 

8tr«ptothrix  or  oospora  Hofmani. 

Streptothrix  or  oospora  Gruberi. 

Actirfcomyces  (oospora  bovis). 

^^wpora  madune. 

Aspergillus  fumigatus. 

PenicilHum. 

Mucor  (corymbifer  T). 

^try-tis  (T) 

'*rio^ia  yeasts: 

^^^^>T>tococcus  farcinosus. 

^^^um  albicans. 

^J^>^chophyton  mentagrophytes. 

T'richophyton  felineiun. 

.  5.  Pyooenic  Protozoa. 

^^V»  coU. 
^^toioon  of  variola. 
^'^toKKm  of  varicella. 
*^toEoon  of  vaccinia. 

1.  Pyogenic  Bacteria. 

■^ph^ococcus.  The  type  of  the  habitually  pyogenic  microbe  is 
^presented  by  the  staphylococcus  pyogenes  aureus.  It  was  discov- 
^  by  Ogston  in  1881,  and  fully  described,  in  1884,  by  Rosebach. 

**  ^  a  facultative  anaerobe  developing  readily  in  the  majority  of 
^^  employed  in  bacteriology.    Examined  under  the  microscope, 

^^  staphylococcus  aureus,  as  well  as  albus  and  citreus,  appears  in 
^^form  of  small,  roimded  elements,  measuring  from  0.7//  to  1.5//. 
^^  smallest  elements  are  seen  in  old  cultures,  the  largest  in  cultures 
^Pt  at  109.4  F.  (43  C).  In  pus  the  cocci  are  disseminated  in  the 
^^  of  monococci  or  diplococci.  In  cultures  they  are  generally 
^ted  in  masses,  presenting  at  times  the  aspect  of  a  bunch  of  grapes, 
^'^nce,  the  name  given  to  this  species.  More  frequently,  however, 
^^  cocci  are  grouped  in  such  a  manner  as  to  form  large  anasto- 
mosed bands  circumscribing  empty  spaces. 
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The  chromogenic  function  which  characterizes  the  staphylococcia 
aureus  has  no  specific  value.  This  microbe  ceases  to  secrete  iU 
pigment  when  cultivated  in  the  absence  of  air,  or  when  small  amount 
of  antiseptic  substances,  such  as  antipjrrin,  are  added  to  the  mediuDC 
or  when  the  cultiu-e  is  exposed  to  strong  sunlight.  The  diflferer 
staphylococci  are,  therefore,  considered  rather  vaiieties  of  one  sp 
cies.  Owing  to  its  greater  power  of  multiplication  and  more  ene 
getic  pathogenic  potency,  the  staphylococcus  aureus  is  the  leadii 
species.  Next  comes  the  staphylococcus  citreus,  followed  by  tl 
albus,  whose  cultures  are  not  pigmented.  Starting  with  the  aureu 
it  is  easy  to  obtain  the  colorless  variety.  The  reverse  is  less  fr 
quently  realized.  Dr.  Netter  has,  however,  seen  a  staphylococc 
albus  converted  into  aureus. 

Streptococcus.  A  great  number  of  streptococci  have  been  d 
scribed.  The  present  tendency,  at  least  in  France,  is  to  regard  th^ 
as  varieties  of  a  single  species.  In  fact,  the  different  charact^ 
described  by  authorities  are  rather  uncertain  and  may  disappear 
successive  cultures.  Researches  in  serotherapy,  however,  lead  t 
agmn  to  subdivide  the  group,  since  the  serum  of  an  animal  inununiz€ 
against  one  variety  does  not  combat  infection  by  all  streptococc 
The  presence  of  micrococci  in  the  form  of  chains  had  been  notice 
by  Coze  and  Feltz  in  various  organic  fluids.  Pasteiu*  and  Doler 
subsequently  discovered  similar  elements  in  puerperal  infectioi 
Their  presence  in  pus  was  pointed  out  by  Ogston,  then  by  Rosenbac 
and  Posset,  who  made  a  complete  study  and  endeavored  to  differei 
tiaie  it  from  the  streptococcus  of  erysipelas,  discovered  by  Fehleisei 
The  streptococcus  develops  quite  readily  in  various  media  employe 
for  cultures.  In  agar-agar  it  generally  vegetates  in  the  form  of  vei 
small,  rounded,  somewhat  hemispheroid,  semi  transparent,  or  opaqi 
white  colonies.  These  colonies  are  generally  isolated,  except  in  ver 
active  cultures  in  which  they  may  become  confluent. 

The  streptococcus  is  a  facultative  anaerobe.  Some  specimer 
develop  more  luxuriantly  without  than  with  air  and,  withal,  bettc 
preserve  their  virulence  and  secrete  more  active  toxms.  Under  tb 
microscope  the  streptococcus  appears  in  the  form  of  chains  made  u 
of  four  to  forty  elements.  The  chains,  which  are  rather  short  i 
solid  media,  are  much  longer  in  liquid  media,  and  particularly  i 
serum.  Authorities  have  described  difTerent  species  of  this  coccu 
according  to  cultural  characters,  morphology,  and  pathogenic  actioi 

Behring  first  divides  streptococci  into  two  groups  according  as  th 
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chains  are  long  or  short.     The  short  one,  streptococcus  hrevis,  is  a 
saprophjle;  the  long,  streptococcus  longus,  is  divided  as  follows: 

1 .  S.  rendering  bouillon  turbid. 

S.  of  erysipelas. 
S.  pyogenes. 

5.  of  anginas. 

2.  S.  not  rendering  bouillon  turbid. 

a.  Producing  a  mucous  deposit. 
S.  of  phlegmon. 
S.  of  bronchopneumonia. 
S.  of  puerperal  infection. 

6.  Producing  flocculi. 

S.  of  scarlet  fever  (S.  conglomeratua) . 
S.  of  grave  pyemia, 
c.  Producing  large  masses  adherent  to  the  walls  of  the  tube. 
S.  of  equine  pneumonia. 

It  would  be  more  rational  to  base  a  classification  upon  results 

obtained  by  inoculations  into  animals  than  upon  modifications 

obsen-ed  in  the  form  of  the  elements  and  appearance  of  the  cultures. 

tTnder  these  conditions  four  varieties  of  streptococci  should  be 

admitted:  saprophytic,  septicemic,  pyogenic,  and  erysipelatogenic. 

Experimental  and  clinical  studies  demonstrate,  however,  that  the 

pathogenic  varieties  easily  fall  into  the  rank  of  saprophytes.    Recip- 

'^ally,  most  of  the  non-virulent  cultures  are  capable  of  exaltation- 

The  microbe  first  becomes  capable  of  producing  pus,  then  of  giving 

^^  to  erysipelas,  and,  finally,  to  septicemia.    This  result  having 

"^n  verified  by  many  authorities,  has  led  to  the  admission  of  two 

Pnncipal  species,  pyogenic  and  erysipelatogenic,  in  which  all  the 

<)ther  varieties  have  been  included. 

Pnenmococcus.  The  belief  that  the  pneumococcas  is  relatc^d  to 
^he  streptococcus  has  gradually  gained  ground.  Some  bacteriolo- 
^stseven  consider  it  to  be  a  variety  of  true  streptococci.  In  support 
of  this  \iew%  it  may  be  recalled  that  there  are  certain  microl^ic  forms 
^^tituting  transitions  between  the  extreme  types.  Until  the  con- 
^  is  proven,  however,  it  is  more  rational  to  consider  the  pneu- 
'Qococcus  of  Talamon-Fraenkel  as  a  different  species.  Its  pyogenic 
^ole  needs  no  further  demonstration.  There  is  already  abundant 
absentation  showing  that  this  microbe  is  capable  of  producing  sup- 
P^ation  in  the  lungs  or  elsewhere.  Contrary  to  an  opinion  formerly 
*dvanced^  it  is  now  known  that  postpneumonic  abscesses  may  be 
^^ated  under  its  influence  without  the  co-operation  of  any  other 
microbe. 
There  are  other  pyogenic  micrococci,  among  which  the  micrococcus 
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tetragenus  occupies  an  important  place.  ChaufTard  and  Ramond 
believe  that  it  can  produce  septicemias,  and  I  have  frequently  found 
it  in  cases  of  sore  throat,  in  which,  however,  it  was  associated  witli 
various  other  microbes  (p.  44).  Being  almost  constantly  present 
in  the  buccopharyngeal  cavities,  the  tetragenus  is  found  in  the 
abscesses  developing  in  this  region.  It  is  met  with  particularly  in 
dental  abscesses,  cervical  adenites,  otites,  mastoidites,  suppurations 
of  nasal  origin,  pulmonarj'  abscesses,  purulent  bronchitis,  and  in  the 
pus  of  tuberculous  cavities.  Karlinski  has  found  it  in  tubercles,  and 
Babes  in  pyohemia.  I  have  found  it  in  the  thick,  yellow  discharge 
of  an  otitis  developed  in  a  child  convalescent  from  scarlatina. 

The  other  pyogenic  micrococci  are  far  less  important. 

Pyogenic  Bacilli.  The  bacillus  coli  unquestionably  heads  the  list 
of  pyogenic  bacilli.  Abundantly  distributed  throughout  the  alimen- 
tary canal,  it  is  naturally  met  with  in  suppurations  occurring  in  and 
around  the  digestive  tract  and  aroimd  the  genito-urinary  apparatus. 
It  may,  however,  easily  migrate  from  these  primary  foci  and  indu« 
secondary  suppurations  in  distant  parts,  or  even  a  general  infectioi 
— a  pyemia. 

The  morphology  of  this  bacillus  is  very  variable.  It  most  fre 
quently  occurs  in  the  form  of  small  rods,  \vith  roimded  ends,  measur 
ing  from  2/Jt  to  4/i  in  length  and  0.7//  to  l/i  in  breadth.  It  some 
times  appears  in  the  form  of  oval  elements,  which  at  first  may  b 
mistaken  for  micrococci.  At  times  it  is  isolated,  at  others  grouper 
in  pairs,  or  it  becomes  elongated  to  such  an  extent  as  to  form  fila 
ments  which  are  often  constricted  at  several  points  in  its  length 
Finally,  if  we  add  that  there  are  motile  and  non-motile  forms;  tha 
the  appearance  of  cultures  in  agar-gar  and  gelatin  and  upon  potato 
is  not  uniform;  that  the  so-called  specific  characters  are  inconstan 
and  variable;  that  some  samples  ferment  sugar  and  others  do  not 
and  that  certain  cultures  produce  indol,  others  furnish  none,  it  wil 
be  understood  how  delicate  interj)retation  becomes.  With  the  typica 
colon  bacillus  Gilbert  has  grouped  and  described  the  paracolon  bacill 
which  present  pronounced  deviations  from  the  classical  type.  It  i 
certain  that  the  gi'oup  of  colon  bacilU  includes  species  which  wil 
some  dav  be  differentiated.  The  reason  division  is  not  more  ad 
vanced  is  that  none  of  the  properties  seem  to  be  absolutely  constant 
It  is  convenient,  therefore,  to  include  the  various  forms  imder  th 
same  denomination,  as  is  done  with  the  streptococci. 

Among  the  bacilli  at  present  believed  to  be  related  to  B.  coli  ther 
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is  the  B.  lactis  aerageneSy  discovered  by  Eseherich  in  the  stools  of 
iofante.    Close  to  this  bacillus  stands  the  pneumobacillus  of  Fried- 
bender.    Between  these  two  organisms  pronounced  analogies  may 
readily  be  observed.    The  presence  of  a  capsule  is  a  character  too 
C3iitingent  to  be  of  specific  value.    The  two  microbes  cannot  be  any 
better  differentiated  by  their  action  upon  animals,  since  we  have 
jhown  that,  contrary  to  classical  opinion,  the  bacillus  of  Friedlaender 
is  pathogenic  for  the  rabbit.    Hence,  the  attempt  of  eminent  scien- 
tists, such  as  Denj-s,  to  regard  the  two  bacilU  as  identical.    The 
question  is  and  will  long  remain  a  delicate  one.    Therefore,  without 
pretending  to  offer  a  definite  solution,  I  have  thought  it  sufficient  to 
point  out  the  analogies  of  the  two  microbes  and  to  recall  the  pyogenic 
power  of  the  pneumobacillus.    Akin  to  this  microbe  is  the  one 
described  by  Passet  imder  the  name  pneumobacillus  dhnlichery  which 
was  found  by  the  author  in  an  abscess  and  which  produces  suppura- 
tion in  animals,  and,  finally,  the  encapsulated  bacillus  which  Chiari 
detected  in  suppurative  nephritis,  prostatites,  otites,  and  menin- 
gites. 

Anaerobic  Pyogenic  Bacteria.  WTiile  common  suppurations  are 
generally  due  to  aerobic  microbes,  the  anaerobic  seem  to  play  a 
wnsiderable  r61e  in  the  development  of  gangrenous  or  putrid  ab- 
^<^<^sses  and  phlegmons.  Levy  isolated  from  a  gaseous  abscess  a  small 
^'^bic  abscess  which  he  failed  to  cultivate  beyond  the  fii-st  gen- 
eration. This  is  probably  the  same  microbe  which  Fraenkel  again 
°^t  with  in  three  cases.  Inoculation  of  cultures  gave  rise  to  gaseous 
P^^ne  in  animals — a  new  illustration  of  the  relationship  existing 
between  suppuration  and  gangrene. 

Examining  sixty  samples  of  pus,  Lubinski  found  anaerobic  bacilli 
t^ice.  Similar  findings  have  been  made  by  various  authorities  who 
^  at  present  incUned  to  admit  that  anaerobics  play  the  principal 
P^  in  the  development  of  suppurations  in  the  urinary  apparatus 
(Albarran,  Cottet),  genital  apparatus,  at  least  in  women  (Veillon, 
Zuber,  Dujon,  Halle),  and  certain  portions  of  the  alimentary  canal 
(Veillon  and  Zuber). 

One  of  the  most  important  bacilli  isolated  by  experimenters  seems 
^  be  the  B.  ramosus,  which  is  supposed  to  be  the  chief  agent  in 
appendicitis.  In  conjunction  with  it  we  must  mention  the  B.  per- 
ri^^^gmSj  analogous  to  or  identical  with  the  anaerobic  bacillus  of  Levy 
and  Fraenkel ;  the  B,  JusiformiSj  the  B,  serpens j  the  B.  jragilis,  the 
°'lurcosu8f  and  the  staphylococcus  parvulus,    A  detailed  description 
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of  all  these  species  will  be  found  in  the  interesting  memoire  of  Veill< 
and  Zuber/  It  will  suffice  to  note  here  that  these  various  agen 
when  inoculated  into  animals,  give  rise  to  abscesses  or  phlcgmoi 
Some  of  them,  only  slightly  noxious  when  alone,  become  highly  vii 
lent  when  associated  with  other  species.  Such  is  the  case  with 
serpens  when  it  is  inoculated  along  with  the  B.  ramosus. 

Among  the  anaerobics  which  intervene  in  suppurations  of  t 
urinary  passages  the  most  interesting  is  the  diplococcus  renifom 
(Cottet),  which  produces  urinary  and  periurinary  abscesses,  pyoE 
phroses,  and  cystites.  By  its  morphological  characters  it  resembl 
the  gonococcus,  with  which  it  has  probably  often  been  confounde 

2.  Specific  Pyogenic  Bacteria. 

Five  microbes  at  present  make  up  this  group.  They  differ  fro 
the  agents  which  we  have  thus  far  studied  in  that  they  alwaj's  gi' 
rise  to  suppuration  and  that  this  suppurative  process  has  spec! 
characters  previously  established  by  cUnical  observation.  Bad 
riolog}^  has  done  no  more  than  confirm  the  data  of  cUnical  experiew 

The  microbes  of  cerebrospinal  meningitis,  gonorrhea,  soft  chanc 
glanders,  and  bubonic  plague,  although  pyogenics,  deserve  to 
grouped  in  a  si>ecial  class.  Tlie  gonococcus  resembles  conmion  p 
genics  in  some  respects.  Like  the  latter,  it  is  said  to  be  capable 
vegetating  as  an  epiphyte  upon  healthy  nmcous  membranes.  Fi 
tliis  point  of  view,  the  bacillus  of  soft  chancre  or  bacillus  of  Due 
occupies  a  higher  rank.  Finally,  the  bacillus  of  glanders  assui 
a  position  of  transition  between  the  pyogenics  and  the  specific  agei 
such  as  the  tubercle  bacillus. 

3.  Bacteria  Accidentally  Pyogenic. 

Highly  differentiated  microbes,  capable  of  producing  w^ell-defii 
diseases,  give  rise  to  no  more  than  abscesses  when  they  are  att 
uated  or  inoculated  into  animals  not  very  sensitive  by  nature 
rendered  artificially  more  or  less  immune.  Such,  for  instance,  is 
case  with  antlirax,  the  inoculation  of  which  into  old  rats  causes  o 
an  absc(\ss.  The  same  is  true  with  regard  to  the  virus  of  gase 
gangrene  or  symi)t()matic  anthrax  when  inoculated  into  anin 
which  have  been  subjected  to  incomplete  vaccinations.  An  anj 
gous  example  is  furnished  by  the  microbe  of  chicken  cholera,  wh 

*  Veillon  and  Zuber.  Recherches  sur  quolqucs  microbes  strictement  ana^robies.    A 
de  m6d.  cxp6r.,  1898,  p.  517. 
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causes  a  speedily  fatal  septicemia  in  chickens  and  rabbits,  but  pro- 
duces only  a  more  or  less  extensive  suppuration  in  guinea-pigs,  while 
in  man  it  gives  rise  to  no  more  than  a  circumscribed  abscess,  as  the 
author  was  able  to  obsen^e  in  consequence  of  an  accidental  inocu- 
lation. 

We  need  hardly  recall  that  the  bacillus  of  tuberculosis  may  become 
pyogenic.  Everyone  is  acquainted  with  the  frequency  of  cold, 
cutaneous,  osseous,  or  articular  suppurations  in  which  no  other  para- 
site is  found.  What  is  accomplished  by  Koch's  bacillus  is  equally 
realized  by  the  bacillus  of  pseudotuberculosis.  Either  tubercles 
or  pus  is  obtained,  according  to  the  animal  experimented  upon  or 
the  mode  of  introduction. 

Of  all  accidental  pyogenic  microbes  the  most  interesting  is  that 
of  t}'phoid  fever.    Numerous  experimental  researches  have  demon- 
strated that  this  microbe  can  produce  abscesses  in  animals.    The 
pure  bacillus  of  Eberth  has  been  met  with  in  a  certain  number  of 
^ppurative  lesions  consecutive  to  typhoid  fever.    Dehu,  in  his 
thesis  (1893),  collected  forty  observations.    According  to  Chante- 
'^^csse  and  Widal,  these  suppurations  are  most  frequently  observed 
^^  the  bones ;  then,  in  order  of  decreasing  frequency,  in  the  meninges^ 
Pfeura,  peritoneum,  and  synovial  membrane.    The  thyroid  and  the 
^^icles  are  the  two  glands  in  which  it  is  not  infrequently  localized. 
-'^e  spleen  is  the  only  viscus  in  which  such  process  has  been  noted. 
The  course  is  at  times  acute,  but  more  frequently  its  evolution  is 
^'o^w.    In  the  latter  instance  we  have  to  deal  with  cold  suppurations. 
Such  is  the  case  particularly  in  osteomyelitis  with  successive  exacer- 
fc^ations,  which  are  prolonged  for  years,  and  the  same  is  true  in  tuber- 
culous osteitis.    These  facts  should  be  remembered,  as  thev  are  not 
extremely  rare.    Their  complete  history  will  be  found  in  the  work 
^f  Chantemesse  and  Widal  .^ 

4.  Vegetable  Pyogenic  Parasites. 

Several  species  of  streptothrix  or  oospora  are  capable  of  producing 

suppuration  in  man  and  animals.    The  most  important  is  incontest- 

^'^ly  the  oospora  asteroides,  discovered  by  Eppinger  in  a  case  of 

^^'ningitis  and  again  found  under  analogous  conditions  by  Almquist. 

*  "6  same  parasite  has  been  seen  by  Ferre  and  Faguet  in  a  cerebral 

^*>§ces8;  by  Sabrazes  and  Riviere  in  the  sputa  of  a  patient,  in  the 

^    Chantemeaae  and  Wdal.    Dee  suppurations  froides  consecutive  k  la  fiSvre  t>i)hoide . 
^"^^  nrfdicale  des  hApitaux,  November  24,  1893. 
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pus  of  subcutaneous  abscesses,  and  in  abscesses  of  the  brain  and 
kidney.  We  will  again  refer  to  the  group  of  oospora  in  treating  of 
actinomycosis. 

Special  mention  is  due  to  a  mucor  found  by  Paltauf  iu  a  patient 
suffering  from  a  strange  affection  characterized  by  pharjmgolaryngeal 
phlegmon,  pneumonia,  and  intestinal  ulcerations.  The  parasite  that 
had  given  rise  to  these  various  lesions  was  analogous  to  the  mucor 
corymbifer  whose  pathogenic  action  upon  animals  was  first  shown 
by  Lichtheim. 

The  pathogenic  properties  of  yeasts  and  of  oidium  albicans  will 
be  discussed  in  a  special  chapter. 

Finally,  more  highly  organized  parasites,  such  as  the  tricophytoDS, 
may  also  induce  suppurations.  Rosenbach  admits  seven  pyogenic 
species  of  them,  among  which  the  most  important  are  the  T.  mefUa- 
grophytes  in  man  and  in  the  horse,  and  the  T.  felineum  in  the  cat 
and  in  children. 

It  is  well  to  add  that  the  majority  of  pyogenic  plants  are  capable 
of  producing  infectious  nodules  comparable  to  tuberculous  granula- 
tions. Such  Is  the  case  with  regard  to  the  mucorina),  the  aspei^llus, 
the  saccharomycetes,  and  the  oidiimi.  These  various  parasites  will 
again  be  referred  to  in  the  chapter  on  pseudotuberculoses.  Some  of 
them  may  even  produce  genuine  tumor.  It  will  suffice  to  mention 
the  actinomyces.  Here,  then,  we  have  to  deal  with  a  series  of  facts 
which  establish  numerous  transitions  between  lesions  seemingly  very 
widely  apart — suppurations,  granulations,  and  neoplasms. 


5.  Pyogenic  Animal  Parasites. 

Tho  study  of  diseases  suffered  by  inferior  animals  has  drawn  the 
attention  of  ol)servers  to  the  i)athogenic  role  of  the  protozoa.  The 
presence  of  infusoria  and  flagcllatiB  in  the  suppurations  occurring  in 
man  has  long  been  noted.  The  balantidium  coli,  for  instance,  in  the 
suppurative  lesions  of  the  intestine;  the  trichomonas  vaginalis  in 
vaginal  suppuratiAis  and  in  chronic  affections  of  the  digestive  canal. 
It  may  well  be  questioned,  however,  whether  these  parasites  are  not 
accidental  guests  by  no  moans  pathogenic. 

The  ameba  colij  an  anhnal  parasite,  is  held  by  many  obser^'ers 
to  be  the  agent  of  one  of  the  clinical  tyjDCS  of  dysentery.  What  is 
of  more  direct  interest  for  our  subject  is  the  fact  that  this  parasite 
is  at  times  found  unassociated  with  other  organisms  in  hepatic 
abscesses  consecutive  to  dysentery.     With  Dr.  Peyrot,  the  author 
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observed  a  case  of  this  kind.    It  is  a  question,  however,  whether  the 

p\i8  did  not  at  some  time  contain  pyogenic  bacteria  which  had 

^Bsappeared,     The  interesting  experiments  of  Marchoux  seem  to 

establish  that  the  ameba  of  dysentery  is  really  capable  of  creating 

suppuration. 

Selatiye  Frequency  of  the  Various  Pyogenic  Agents. 

Among  the  pyogenic  microbes  above  described  the  most  widely 
distributed  are  the  staphylococci  and  the  streptococci.  It  is  not 
rare,  however,  to  find  several  bacteria  together  in  the  same  focus. 
Ogston  studied  sixty-nine  abscesses  and  detected  the  simultaneous 
presence  of  two  species  in  sixteen  instances.  Zuckermann  foimd 
records  of  495  bacteriological  examinations  of  hot  abscesses.  In  70 
percent,  of  the  cases  the  staphylococcus  had  been  found;  in  16  per 
cent,  the  streptococcus,  and  in  5.5  per  cent,  both  of  these  species. 
Then  followed  the  bacillus  pyogenes  fetidiis,  the  hacUlus  pyogenes 
^^nakf  the  tetragenus,  etc. 

The  association  of  several  pyogenic  microbes  seems  to  result  in 
an  aggravation  of  the  suppurative  phenomena.  Suppose  two  pyo- 
pnic  microbes  attenuated  to  such  an  extent  that  each,  injected  alone, 
produces  no  distiu-bance.  If  they  are  united,  the  result  of  their 
simultaaeous  inoculation  is  the  formation  of  an  abscess. 

By  mixing  a  harmless  sample  of  the  staphylococcus  with  a  sapro- 
phyte or  an  attenuated  culture  of  streptococcus,  suppuration  is 
obtained.  By  study  of  the  purulent  focus,  however,  Trombetta 
f^ognized  that  the  focus  soon  became  monomicrobic.  The  staphy- 
lococcus prevailed,  and  soon  no  other  microbe  was  discoverable. 
TWs  fact  is  in  harmony  with  the  findings  of  clinical  observation.  A 
focus  may  at  first  contain  one  pyogenic  species,  and  at  the  end  of  a 
wrtain  period  of  time,  another.  Such  is  particularly  the  case  in 
otitis.  Whatever  may  have  been  the  microbe  f oimd  at  the  beginning 
the  staphylococcus  is  almost  always  found  at  a  later  period.  Thus, 
there  are  microbes  which  start  a  suppiu-ation  and  microbes  which 
^tain  it.  If  it  be  further  remembered  that  simple  saprophytes 
P%  an  auxiliary  r61e  in  the  production  of  suppurative  phenomena, 
*t  will  readily  be  understood  why  all  piuiilent  foci  should  be  protected 
against  external  germs,  even  apparently  inoffensive  ones. 

The  true  pyogenic  microbes,  notably  the  staphylococcus  and  the 
^-  co/i,  are  abundantly  distributed  in  nature,  but  are  epiph>i^s 
rather  than  inhabitants  of  the  inorganic  world.    They  are,  therefore, 

13 
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found  mostly  in  crowded  neighborhoods,  in  hospital  wards,  and  in 
water  polluted  by  men  and  animals.  Once  thrown  into  the  external 
world,  these  pyogenics  would  soon  destroy  each  other  if  they  were 
not  protected  by  the  organic  materials  in  which  they  reside.  Pus, 
mucus,  fecal  matter,  etc.,  shield  them  against  causes  of  destniction, 
especially  against  the  influence  of  the  sim.  These  facts  must  be 
taken  into  serious  account,  since  in  experiments  it  is  the  resistance 
of  pyogenic  germs  derived  from  cultures,  and,  consequently,  placed 
under  less  favorable  conditions,  that  is  studied.  When  they  resist 
cosmic  agents  and  struggle  for  life  against  other  microbes,  the  pyo- 
genics gradually  lose  their  aptitude  to  thrive  in  Uving  organisms, 
become  attenuated,  and  finally  assume  the  rank  of  simple  sapro- 
phytes. This  is  what  happens,  for  instance,  with  the  strepto- 
coccus. 

The  staphylococcus  aureus  has  been  detected  in  the  air  (Fraenkel), 
dust,  soil  (Lubbert),  and  water  (Ullmann).  It  seems  to  be  more 
resistant  than  the  streptococcus.  The  latter  cannot  Uve  more  than 
five  days  in  sewer  water,  while  the  former  is  still  living  at  the  end  erf 
twenty  days  (Strauss  and  Dubarry),  or  even  several  months  (Meade 
Bolton).  The  tetragenus  resists  eighteen  to  twenty  days.  The 
author  has  several  times  found  this  microbe  in  the  air,  a  fact  well 
in  harmony  with  its  frequent  presence  in  the  buccal  cavity. 

The  pneumococcus  is  far  more  delicate  than  the  preceding 
microbes.  Except  when  it  is  protected  by  the  mucus  of  expec- 
torations, it  becomes  attenuated  and  soon  perishes. 

The  j/roteus  vulgaris  and  mirahilis  and,  above  all,  the  bacillus  coli 
are  also  among  those  pyogenics  which  are  frequently  found  outside 
the  organism.  The  last-named  microbe  is  widely  distributed  and 
can  vegetate  in  water  for  months. 

These  microbes,  though  capable  of  living  in  the  external  world,  are 
nevertheless  parasites,  and  are  mostly  found  in  man  and  animals.  The 
S,  aureus  normally  vegetates  on  the  skin.  It  may  also  be  met  with 
in  the  mouth  and  in  the  nasal  mucus.  Escherich  has  detected  it  in 
the  stools  of  healthy  children,  a  result  due  to  contamination  of  the 
mother's  milk  at  the  nipple.  The  author  always  found  the  S.  albus 
in  milk  taken  \mder  ordinary  conditions,  while  this  secretion  was 
found  to  be  sterile  when  obtained  with  necessary  precautions. 

Streptococci  may  be  detected  in  the  same  locaUties  as  staphylo- 
cocci, but  the  former  ai*e  inclined  to  abandon  the  exposed  parts  of 
the  organism.    They  are  seldom  encountered  in  the  skin.    Their 
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Beat  of  predilection  is  the  buccopharyngeal  cavity,  where  they  are 

tODstantly  present.    They  may  invade  the  digestive  tract  and  the 

genital  organs  of  women  in  the  lower  part  of  the  vaginal  canal. 

This  last  localization  explains  their  frequency  in  the  lochia  of  women 

in  nowise  infected. 

Thetetragenus  and  pneumococcus  are  likewise  found  in  the  mouth. 
The  pneumococcus  is  met  with  in  about  one-fifth  of  all  subjects. 
No  wonder,  therefore,  that  the  inoculation  of  saliva  into  the  rabbit, 
and  especially  the  mouse,  may  give  rise  to  a  speedily  fatal  septicemia. 
The  infection  thus  produced,  which  was  discovered  by  Pasteiu*  and 
weU  studied  by  Sternberg,  is  due,  as  the  researches  of  Fraenkel  have 
established,  to  the  agent  of  fibrinous  pneumonia. 

The  B.  coli  is  also  widely  distributed  from  the  mouth  to  the  anus, 
whence  it  enters  the  genital  organs.  It  is  also  found  in  all  animals. 
Hence  its  constant  presence  in  milk.  In  fact,  the  researches  of 
Wurtz  and  Leudet  tend  to  establish  that  the  lactic  ferment  is  nothing 
else  than  a  variety  of  colon  bacillus. 

From  this  brief  exposition,  it  may  be  seen  that  the  pyogenic 
niicrobes  are  everywhere  within  and  external  to  our  bodies.  This 
fact  points  to  a  rather  restricted  action  of  microbes  and  re-establishes 
the  r61e  of  the  organism  in  the  development  of  morbid  phenomena. 

We  are  thus  led  to  consider  how  and  why  the  pyogenic  microbes 
invade  the  human  organism  and  how  they,  at  times,  become  virulent. 

Auxiliary  Causes  of  Suppuration* 

The  mode  of  development  of  a  suppuration  is  easily  accoimted  for 
^en  the  process  is  induced,  not  by  microbes  which  we  habitually 
'^^rbor,  but  by  exalted  germs  of  diseased  animals  and  men.  The 
question,  then,  is  to  learn  how  this  primary  focus,  which  directly  or 
indirectly  contaminates  other  individuals,  originated.  In  many  cases 
^Ppuration  is  the  result  of  a  traumatism  which,  producing  a  solution 
of  continuity,  offers  an  entrance  to  these  microbes.  The  latter  find 
*  favorable  medirnn  in  the  altered  tissues  and  rapidly  develop. 

It  must  be  recognized,  however,  that  traumatism  does  not  always 
suffice  to  give  rise  to  suppuration,  even  in  the  absence  of  antiseptic 
P^utions.  The  experiments  of  Garre,  Schimmelbusch,  and  Wash- 
^uth  established  that  pyogenic  micro-organisms  can  penetrate  into 
^  skin  of  man  and  animals  in  the  absence  of  the  slightest  cutaneous 
^rasion. 

At  the  present  day  it  is  a  matter  of  common  knowledge  that  a 
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pyogenic  microbe  introduced  into  the  organism  does  not  necessarily 
give  rise  to  symptoms.    It  may  be  rapidly  destroyed.    If,  in  other 
cases,  it  succeeds  in  doing  mischief,  it  is  owing  to  a  series  of  secondary 
causes,  some  of  which  depend  upon  the  microbe,  others  upon  the 
invaded  organism. 

On  the  part  of  the  microbe  we  have  to  count  with  the  number, 
virulence,  and  mode  of  introduction.  Fehleisen  long  since  recognized 
that  small  amounts  of  staphylococci  and  streptococci  may  be  injected 
beneath  the  skin  without  producing  any  lesion.  To  produce  aa 
abscess  he  had  to  employ  1  c.cm.  of  the  culture.  If  5  c.cm.  were 
introduced,  the  animal  died  in  eighteen  or  thirty  hours  without  any 
suppurative  manifestation.  According  to  Odo  Bujwid,  suppuration, 
does  not  appear  when  1,000,000,000  staphylococci  are  injected 
into  the  rabbit,  the  rat,  or  the  mouse.  •  It  may  happen  that  even. 
8,000,000,000  are  insufficient  for  the  rabbit,  while  this  amount  i» 
always  fatal  for  the  rat. 

The  value  of  these  figures  should  not  be  exaggerated.  The  results 
evidently  depend  upon  the  degree  of  virulence  of  a  given  sample, 
since  it  has  long  since  been  well  known  that  microbes  possess  no 
fixed,  definite  potency.  When  pyogenic  microbes  are  of  moderate 
\drulence,  they  produce  pus;  when  highly  exalted,  their  inoculation 
causes  general  infection,  and  the  animal  speedily  succumbs  to  septi- 
cemia, and  microscopic  examination  reveals  no  appreciable  lesions 
in  the  cadaver.  On  the  other  hand,  when  they  are  too  attenuated, 
they  often  prove  incapable  of  giving  rise  to  the  shghtest  lesion,  even 
tliougli  they  are  introduced  in  considerable  numbers.  The  results 
vary  not  only  with  the  number  and  the  degree  of  virulence  of  the 
microbes,  but  also  with  the  mode  of  entrance.  Experimenting  upon 
rabbits,  Herman  discovered,  for  instance,  that  the  peritoneimi  is 
twenty  times  more  n^sistant  than  other  parts  to  inoculations  of 
staphylococcus. 

When  directly  injected  into  the  blood,  the  pyogenic  microbes 
become  localized  in  various  organs  and  there  produce  purulent  foci. 
These  localizations  may  be  favored  by  visceral  lesions.  If,  for 
instance,  the  cardiac  valves  are  the  seat  of  traumatism,  an  ulcerative 
endocarditis  is  obtained ;  if  a  fracture  has  been  produced,  the  result 
will  be  an  osseous  suppuration.  It  is  possible  to  thus  create  artifi- 
cially points  of  fixation  for  the  agents  in  circulation.  Inspired  by 
this  fact.  Dr.  Fochier  attempted  to  create  aseptic  foci  designated  by 
the  name  of  abscesses  of  fixation.    In  his  opinion,  these  foci  were 
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calculated  to  attract  the  microbes  to  those  points  where  they  would 
do  little,  if  any,  harm  to  the  organism. 

Tissues  in  active  growth  may  likewise  represent  points  of  attrac- 

tioii  for  agents  in  circulation.    Intravenous  injection  of  pyogenic 

niicTobes  may  induce  osteomyelitis  in  yoimg  animals,  as  has  been 

ahown  by  Rodet  experimenting  with  the  staphylococcus,  and  by 

Counnont  and  Jaboulay,  and  Lannelonge  and  Achard  with  the 

streptococcus. 

Role  of  Nervous  Alterations.  Simple  section  of  the  sciatic  nerve, 
without  inoculation  of  microbes  beneath  the  skin,  is  not  followed  by 
trophic  ulcerations,  at  least  in  the  rabbit.  Such  is  not  the  case  with 
the  guinea-pig.  In  this  animal  a  gangrenous  edema  of  the  lower 
segments  of  the  limb  of  the  operated  side  supervenes  some  time  after 
the  excision  of  the  nerve.  The  tissues  swell  and  are  infiltrated  with 
pus,  then  disintegrate  and  leave  the  skeleton  denuded.  The  animal 
finally  dies.  The  fact  is  that  the  ulcerations  produced  by  the  wound 
upon  the  surface  of  the  skin  served  as  portals  of  entrance  to  the 
ntticrobes,  and  the  germs  rapidly  multiplied  in  those  tissues  whose 
vitahty  was  diminished  and  gave  rise  to  extended  injury. 

The  sciatic  is  a  mixed  nerve — motor,  sensory,  and  vasomotor — 
and  certain  of  its  fibres  seem  to  have  antagonistic  actions  upon  a 
local  infection.  In  order  to  prove  the  r61e  devolved  upon  the  various 
parts  of  the  nervous  system,  it  was  necessary  to  operate  upon  nerves 
performing  a  special  function.  I  therefore  first  studied  the  influence 
<^f  the  sympathetic  nerve. 

Brown-Sequard  long  since  had  established  experimentally  that 
8^on  of  the  great  sympathetic  favored  the  heaUng  of  wounds. 
Operating  upon  rabbits,  the  author  introduced  from  six  to  seven 
^ps  of  a  streptococcus  culture  into  the  two  ears  at  the  same  point 
"^- 1,  in  the  middle  portion,  a  little  to  the  inside  of  the  central 
^ry.  Immediately  after  the  inoculation  the  author  extirpated 
^e superior  cervical  ganglion  on  one  side.  At  the  end  of  twenty-four 
l^ours  the  operated  ear  was  found  hot  and  infiltrated  with  serum, 
^e  inflanmiation  increased  and  reached  its  maximum  toward  the 
"^d  or  fifth  day.  From  this  moment  onward  the  aspect  of  the  two 
^completely  changed.  On  the  operated  side  the  lesions  resolved; 
^n  the  intact  side  they  were  aggravated.  Toward  the  sixth  or 
^^th  day  the  nerveless  ear  resumed  its  normal  appearance,  while 
^^the  mtact  side  the  lesions  grew  worse,  infiltration  being  enormous, 
^^^scesses  and  phlyctenulae  having  developed,  as  a  result  of  which  a 
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part  of  the  ear  sloughed  and  perished.  The  edematous  infiltration 
generally  disappeared  toward  the  fifteenth  daj^  persisting,  in  some 
instances,  for  twenty  and  even  fifty  days. 

In  these  comparative  experiments  section  of  the  sympathetic  nerve 
produces  a  double  effect.  It  gives  rise  to  congestion  in  the  operated 
ear,  and  to  anemia  in  the  intact  ear.  The  results  thus  become 
extremely  clear  owing  to  the  production  of  contrary  vasomotor 
modifications  on  the  two  sides. 

These  experimental  facts  remind  us  of  certain  clinical  obser\'ations. 
It  is  well  known  that  heat  is  employed  to  heal  certain  suppurative 
inflammations.  Active  congestion,  whether  produced  by  hot  appli- 
cations  or  by  vasomotor  dilatation  of  the  arteries,  favors  recover}'- 
It  may,  therefore,  be  concluded  that  active  congestion  is  favorable 
to  the  healing  of  a  local  lesion,  while  passive  congestion  renders  such 
lesion  more  serious  and  tends  to  produce  gangrene.  Similarly,  in  a 
cardiac  patient  in  the  stage  of  as}^tole,  the  slightest  lesion  results 
in  suppuration  or  sphacelation.  Finally,  suppression  or  diminution 
of  the  blood  sui)ply,  as  is  realized  by  ligation  of  arteries,  favors  the 
development  of  local  lesions. 

The  influence  of  sensory  nerves  upon  the  development  of  suppu- 
ration can  easily  be  demonstrated  by  sectioning  the  auriculocervical 
nerve  of  a  rabbit  and  injecting  streptococci  beneath  the  skin  of  both 
ears.  In  order  to  obtain  clear  results,  use  should  be  made  of  an 
agent  of  moderate  power  which  gives  rise  only  to  a  small,  circum- 
scribed abscess  on  the  intact  side.  The  ear  deprived  of  the  nerve 
becomes  the  seat  of  an  intense  lesion — i.  e.,  a  very  marked  edema, 
phlyctenular  filled  with  a  serous  fluid,  and  abscesses,  which  may 
result  in  mutilation  or  perforation  of  the  organ. 

Role  of  Previous  Local  Lesions.  The  presence  of  foreign  bodies 
in  a  wound  exercises  a  harmful  influence  upon  the  evolution  of  the 
process.  This  fact  is  one  of  those  proved  beyond  all  doubt  by  clinical 
observation.  In  many  cases  the  seemingly  endless  process  of  sup- 
puration  has  been  abruptly  stoi)ped  by  the  extraction  of  a  piece  of 
cloth,  a  fragment  of  a  bullet,  or  a  spHnter. 

The  harmful  influence  of  caustic  or  irritant  substances  upon  inflam- 
matory processes  is  more  marked.  The  author  has  tried,  with  Dr. 
Josu6,  the  effect  of  trimethylamin  and  of  carbolic  acid.  With  an 
amount  of  colon  bacillus  sufficient  to  produce  only  a  small  abscess 
in  the  controls,  half  a  gram  of  trimethylamin  was  injected  beneath 
the  skin  of  the  thigh  of  a  rabliit.    The  result  was  a  phlegmon  invad- 
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Uig  the  cellular  tissue  of  the  abdomen.  The  effect  of  carbolic  acid 
is  even  more  manifest.  This  antiseptic  substance,  far  from  com- 
bating infection  and  preventing  suppuration,  favors  them.  Having 
injected  subcutaneously,  as  above,  a  solution  of  5  eg.  of  carbolic  acid 
in  1  c.cm.  of  water,  then  0.5  c.cm.  of  a  culture  of  colon  bacillus  in 
bouillon,  we  noticed  the  production  of  an  enormous  diffuse  phlegmon 
infiltrating  the  whole  thigh  and  the  lower  half  of  the  abdomen.  If, 
however,  only  2  eg.  of  carbolic  acid  is  injected,  no  result  whatever 
is  obtained.  This  is  a  fresh  demonstration  of  the  harmful  action  of 
strong  antiseptics. 

This  noxious  influence  of  chemical  substances  upon  the  vitality 
of  tissues  is  equally  exercised  by  disease.  The  tissues  already  altered 
byamorbid  process  are  exposed  to  the  invasion  of  pyogenic  microbes. 
It  will  suffice  to  remember  the  purulent  foci  developing  in  neoplasms 
or  in  the  lungs  during  a  pneumonia  or  tuberculosis.  The  importance 
of  these  secondary  infections  is  well  known,  as  they  play  a  consider- 
able rfile  in  the  production  of  cavities  and  explain  the  hectic  phe- 
Mmena  observed  in  the  third  stage  of  consumption. 

Infiaence  of  the  Oeneral  State.  Individual  predisposition  and 
Ksistance  lai^ly  depend  upon  the  general  state  of  the  organism. 
It  is  an  undoubted  fact  that  suppuration  is  more  liable  to  develop 

• 

in  certain  subjects  than  in  others.  The  slightest  abrasion  in  them 
occasions  an  abscess  or  a  phlegmon.  Even  without  any  solution  of 
continuity,  a  contusion  or  friction  suffices  to  permit  the  penetration 
^jfgenns.  In  other  cases,  in  the  absence  of  any  appreciable  cause, 
<?utaneous  suppurations,  acne,  abscesses,  furuncles,  and  anthrax 
^PP^ar,  and  sometimes  repeatedly. 

These  transitory  or  permanent  predispositions  dei)end  upon  either 
a  tliathetic  condition,  an  inherited  or  acquired  mode  of  nutrition,  or 
a  series  of  causes  the  influence  of  which  has  been  conclusively  estab- 
"shed  by  numerous  clinical  and  experimental  facts.  Such  are  over- 
work, exposure  to  cold  and  heat,  starvation,  cachexias,  and,  above 
^>  intoxications. 

^e  have  an  interesting  illustration  of  this  fact  in  mercurial  stoma- 
^"8-  The  buccal  lesions  are  not  due  to  the  eUmination  of  mercury. 
^  the  contrary,  the  mercury  acts  by  creating  a  morbid  predispo- 
sition  and  by  diminishing  the  resistance  of  the  tissues.  Hence,  the 
^id  development  of  pyogenic  microbes  and  the  exaltation  of  their 
^ence,  which  explains  why  mercurial  stomatitis  may  become  con- 
**?iou8.    Diday  reported  the  history  of  a  man  who  communicated 
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this  affection  to  his  ^vife.    Transmission  of  exalted  bacteria  had 
occurred  in  this  case. 

The  cutaneous  manifestations  of  bromism  and  iodism  are  likewise 
accoimted  for  by  the  development  of  pyogenic  microbes  present  upon 
the  surface.  Tlie  phenomena  are,  however,  more  complex  in  this 
instance,  as  the  concomitant  gastrointestinal  disturbances  must  also 
be  taken  into  account.  In  fact,  Dr.  F6r6  has  established  that  these 
infectious  manifestations  may  be  diminished  and  suppressed  by 
means  of  intestinal  antisepsis. 

Those  chemical  substances  which  diminish  the  alkalinity  of  the 
blood  seem  to  favor  suppm-ation ;  but  the  results  are  not  sufficiently 
conclusive.  On  the  other  hand,  some  authorities  maintain,  though 
their  conclusions  have  often  been  contradicted,  that  the  administra- 
tion of  sodium  bicarbonate  for  some  length  of  time  renders  the 
animals  more  resistant  by  increasing  the  alkalinity  of  their  himiors. 

There  is  a  group  of  substances  which  favor  the  development  of 
pyogenic  agents.  We  refer  to  ferments.  The  author  has  shown 
that  the  attenuated  streptococcus  recovers  its  virulence  when  it  is 
injected  with  papain.  What  the  products  of  highly  organized  plants 
do,  microbic  products,  ferments,  and  ptomains  can  also  realize,  and 
even  more  readily.  Grawdtz  has  thus  recognized  that  the  simulta- 
neous introduction  of  cadaverin  and  staphylococci  or  streptococci 
gives  rise  to  a  violent  phlegmon,  the  alkaloid  and  the  microbe  having 
powerfully  aided  each  other. 

The  resistance  of  the  organism  to  pyogenics  also  diminishes  as  a 
result  of  nutritive  disturbances  suffered  in  grave  diseases.  Con- 
valescents from  typhoid  fever,  for  instance,  often  develop  manifold 
suppurations,  abscesses,  and  furuncles,  which  may  adequately  be 
accounted  for  by  insufficient  nutrition  of  the  subject. 

Finally,  it  is  interesting  to  note  that  quantitative  modifications 
of  the  blood  seem  to  be  without  influence.  Even  abundant  and 
repeated  general  bleeding  is  ineffective. 

Generalization  of  Suppurating  Lesions. 

We  have  thus  far  studied  the  causes  which  explain  the  develop- 
ment or  aggravation  of  a  purulent  focus.  It  is  evident,  however, 
that  suppiu-ation  does  not  always  remain  circimiscribed,  and  that 
the  microbes  may  emigrate  and  give  rise  te  visceral  colonies.  Why 
are  not  the  germs  which  enter  the  circulation  destroyed  by  the 
protective  organs?    Rinne  justly  attributes  this  failure  to  a  general 
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decline  of  the  organism,  due  to  the  effect  of  microbic  products  orig- 
inated at  the  primary  focus.    As  microbic  secretions  vary  with  the 
samples  employed  and  the  aptitude  of  the  organism  to  neutralize  the 
toxins  differs  from  one  individual  to  another,  it  is  readily  conceived 
vhy  the  process  sometimes  remains  local  and  at  others  becomes 
generalized. 

Of  the  microbes  which  pass  into  the  general  circulation,  some  are 
destroyed  by  the  leucoc}i;es,  some  are  eliminated,  and  others  remain 
in  the  tissues.  The  elimination  is  mainly  effected  by  the  kidneys 
and  the  skin.  Brunner,  Eiselsberg,  Gaertner,  Tizzoni,  Preto,  Nan- 
notti,  and  Baciocchi  have  detected  the  staphylococcus  in  the  urine 
and  sweat  in  cases  of  general  infections,  even  in  benign  suppurations. 
The  latter  instance  is  of  great  interest,  as  it  tends  to  prove  that 
pyogenic  microbes  easily  penetrate  into  the  organism,  but  are  quickly 
destroyed  or  eliminated.  Elimination  through  the  eniunctories 
seems  to  be  achieved  without  any  inconvenience  to  the  eliminating 
organs.    It  is  a  true,  natm*al,  therapeutic  procedure. 

Such  is  not  always  the  course  of  events,  however.  The  microbes 
that  have  found  access  to  the  organism  are  not  invariably  destroyed 
or  elinunated,  and,  if  very  virulent,  they  then  are  capable  of  causing 
*  fatal  septicemia.  If  they  are  less  active  they  create  purulent  foci, 
^hich,  according  to  their  mmiber  and  locality,  may  resolve  or  prove 
fatal.  The  formation  of  visceral  foci  may,  therefore,  be  considered 
as  a  last  defensive  measure  on  the  part  of  the  organism.  Numerous 
clinicd  facts  demonstrate  that  in  puerperal  women,  for  example,  the 
development  of  a  phlebitis  or  of  a  periuterine  phlegmon  coincides 
^th  amelioration  of  the  puerperal  fever  and  a  retrogression  of  alarm- 
^  phenomena.  The  localization  may  become  very  grave  of  itself, 
hut  the  immediate  accidents  are,  in  part,  avoided. 

Non-microbic  Suppurations. 

behave  seen  that  most  of  the  known  microbes  may,  under  cer- 
^  circumstances,  give  rise  to  the  formation  of  a  purulent  focus. 
*^e  now  come  to  the  question  whether  suppuration  is  ever  possible 
^thout  the  intervention  of  animate  agents.  Ilueter  and  his  dis- 
ciples were  the  first  to  experhaent  with  aseptic  substances  by 
^jectmg  a  certain  amount  of  a  solution  of  silver  nitrate  and  of 
^c  chloride  into  the  subcutaneous  cellular  tissue.  No  abscess  fol- 
'^^ed,  and  the  authors  concluded  that  there  is  no  pus  without 
Diicrobes. 
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In  1883  Straus  published  the  result  of  forty  experiments  made 
upon  rabbits,  guinea-pigs,  and  rats.  He  had  introduced  beneath  the 
skin  the  most  varied  substances,  such  as  croton  oil,  sterilized  water, 
mercur}%  etc.,  and  in  no  case  did  he  observe  suppuration,  save  when 
microbes  had  accidentally  penetrated.  Analogous  results  were  ob- 
tained by  other  experimenters.  In  1885  the  Medical  Faculty  of 
Berhn  made  this  a  competitive  question.  Klemperer  seemed  the 
prize.  In  his  various  experiments  intense  inHanmiation,  or  serous 
exudation,  or  even  coagulation  necrosis  was  observed,  but  there  was 
no  pus.  Zuokermann  experimented  wdth  no  less  than  thirty-one 
substances,  and  never  observed  pus  without  microbes. 

»So  many  experiments  jDerfoniied  by  able  scientists  would  seem 
sufficient  to  settle  the  question,  but  we  shall  now  cite  another  series 
of  researches  leading  to  a  diametrically  opposite  conclusion.  Riedel 
obtained  aseptic  supjDuration  by  injecting  mercury  into  the  knee- 
joint  of  a  rabbit,  and  Cohnheim,  by  introducing  croton  oil  beneath 
the  skin  of  a  dog.  Councilman  took  up  the  question  and  resorted 
to  a  very  ingenious  procedure.  The  substance  under  study  was 
placed  in  a  glass  tube  which  was  then  closed  at  both  ends.  The 
tube  was  inserted  beneath  the  skin  of  the  animal  and  was  broken 
when  the  small  wound  had  cicatrized.  By  this  method,  the  employ- 
ment of  a  mixture  of  croton  oil  and  olive  oil  produced  pus  in  the 
rabbit  without  any  micro-organisms. 

We  owe  one  of  the  best  works  on  this  subject  to  Grawitz  and  Bary. 
These  authors  demonstrated  that  it  is  hardly  possible  to  produce  in 
rabl)its  and  guinea-pigs  suppuration  without  microbes.  The  case  is 
different  with  the  dog.  A  5  per  cent,  solution  of  silver  nitrate  and 
concentrated  ammonia  were  found  capable  of  giving  rise  to  aseptic 
abscess.  Terebinthine  is,  however,  the  substance  endowed  with  the 
most  marked  j)yogenic  properties.  Nathan  failed  to  prove  this  action 
owing  to  the  insufficient  amount  (0.6  c.cm.)  employed  by  him. 

As  has  well  been  remarked  by  Rosenbach,  the  fundamental  short- 
coming of  the  first  exi)erimenters  is  the  generaUzation  of  the  results 
obtained  with  one  animal  species.  Various  substances,  particularly 
mercury  and  terebinthine,  are  pyogenic  for  the  dog,  while  they  are 
only  phlogogonic  for  the  rabbit  and  the  guinea-pig.  Other  experi- 
menters subsequently  confirmed  this  distinction. 

The  problem  may  now  be  held  to  have  \yeen  solved.  In  the  absence 
of  microbic  intervention,  suppurations  may  develop  by  the  action 
of  chemical  substances.    The  list  of  such  substances  has  been  con- 
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»derably  augmented  by  the  latest  contributions  upon  this  subject. 
The  higher  the  dose  and  the  greater  the  concentration  of  these  sub- 
stances, the  more  energetic  is  their  action.  Hence,  the  possibility 
of  varying  their  effects  so  as  to  obtain  a  simple  serosanguinolent 
exudate,  an  abscess,  a  phlegmon,  or  a  slough. 

Researches  have  further  demonstrated  that  the  character  of  pus 
of  chemical  origin  is  the  same  as  that  of  pus  of  bacterial  origin.^ 

Lastly,  Poliakoff  has  discovered  the  very  interesting  fact  that  the 
more  slowly  the  pyogenic  chemical  substances  are  introduced  into 
the  tissues,  the  better  they  act.  To  demonstrate  this,  he  introduced 
small  capsules  of  collodion  containing  five  drops  of  turpentine  oil 
beneath  the  skin  of  a  rabbit.  A  large  abscess  was  produced,  although 
only  apart  of  the  amount  introduced  had  had  time  to  diffuse.  The 
counterexperiment  consisted  in  injecting  five  drops  at  once.  The 
result  was  slight  tumefaction  without  suppuration. 

Pyogenic  Properties  of  Microbic  Products.  Researches  pursued 
by  a  number  of  authorities  have  demonstrated  that  subcutaneous 
moculation  of  sterilized  cultures  of  bacteria  may  give  rise  to  suppu- 
ration. This  action  is  in  part  due  to  bacterial  protoplasm  and  in 
part  to  soluble  substances. 

A  great  number  of  experiments  have  shown  the  presence  of  pyo- 
pnic  luaterial  among  the  secretory  products  of  the  staphylococcus 
^eu8.  Leber  has  succeeded  in  extracting  from  its  cultures  a  crAs- 
^able  body,  soluble  in  alcohol,  and  possessing  inflammatory  and 
Prosing  power  in  the  highest  degree.  The  author  designates  it  under 
^he  name  phlogosin  and  distinguishes  it  from  the  non-toxic  alkaloids 
found  by  Brieger  in  pus.  No  analytical  study  has  been  undertaken 
elated  to  substances  in  cultures  of  other  pyogenic  microbes. 

The  Non-microbic  Suppurations  in  Clinical  Observations.  It  was 
for  some  time  believed  that  the  study  of  non-microbic  suppurations 
^as  only  of  theoretical  interest.  It  is  at  present  kno\v7i  that  non- 
^crobic  suppurations  may  also  occur  in  man.  The  pus  in  chronic 
^pingites  often  contains  no  bacteria.  The  same  is  true  as  regards 
^Wic  abscesses,  as  has  been  pointed  out  by  Kartulis,  Laveran, 
*Vtter,  and  Peyrot.  Since  these  first  contributions  thirty-eight 
wn^ations  have  been  published  concerning  non-microbic  suppura- 
^onsof  the  liver.*  Brouardel  and  Josu6  have  reported  the  observa- 


^oliakoff.     Ueber  Eiterung  mit  und  ohne  Mikroorganismen,     Centralb.  f.  Bakt., 
^  xviii.  p.  33,  1895. 
Wguet.    La  st^rilit^  dans  le  pus  des  abc^  du  foie.    La  Presse  m^d.,  189.5,  p.  99. 
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tion  of  a  cerebral  abscess  in  which  the  pus  was  free  from  microbes. 
Tuffier,  operating  upon  a  calculopyelonephritis,  found  a  litre  of  fetid 
pus  containing  no  bacteria  cultivable  by  the  ordinary  procedures. 
In  the  majority  of  instances  in  which  suppm-ation  is  sterile,  the  puru- 
lent focus  gives  rise  to  no  notable  disturbance  and  arouses  no  general 
reaction. 

Several  hypotheses  have  been  advanced  to  explain  the  aseptic 
character  of  certain  purulent  foci.    Only  one  seems  to  the  author 
acceptable.    The  probabiUties  are,  to  say  the  least,  that  the  focus 
has  primarily  been  fertile — viz.,  that  it  developed  imder  the  influence 
of  the  ordinary  pyogenic  germs,  which  subsequently  disappeared » 
This  view  is  supported  by  certain  clinical  and  experimental  facts- 
The  author  has  reported  two  such  experiments  pursued  with  Dr* 
Josu^.    Half  a  cubic  centimetre  of  a  culture  of  proteus  vulgaris  wa3- 
injected  into  the  cellular  tissue  of  the  thigh  of  a  rabbit.    A  month, 
later  the  animal  was  killed.    The  necropsy  revealed  a  circmnscribei 
abscess  the  size  of  an  almond.    The  pus  of   this  abscess  contained 
no  microbes  visible  under  the  microscope.    It  produced  no  growth  in 
the  various  artificial  cultm*e  media.    Inoculated  into  the  cellular 
tissue  of  a  rabbit,  it  caused  no  lesion.    The  second  experiment  was 
made  upon  a  rabbit  with  B.  coli  with  analogous  results. 

It  may  be  concluded,  therefore,  that  when  a  suppuration  is  pro- 
duced in  an  animal  in  such  a  manner  as  to  allow  no  conmiunication 
with  the  external  air,  the  microbes  introduced  become  gradually 
attenuated,  are  no  longer  cultivable,  and  can  no  longer  overcome  the 
resistance  opposed  to  theui  by  the  living  organism.  Diminution  and 
disappearance  of  \drulence,  diminution  and  disappearance  of  vege- 
tability,  degeneration  and  dissolution  are  the  successive  phases 
through  which  pyogenic  microbes  pass  in  a  closed  focus. 

Physical  and  Chemical  Characters  of  Pus.  The  characters  of  pus 
vary  notably  from  one  sample  to  another.  Phlegmonous  pus,  which 
is  always  taken  as  typical,  is  an  opaque,  creamy,  yellowish-white, 
odorless  fluid.  On  ebullition,  it  smells  like  milk.  Its  taste  is  rather 
sweet,  which  is  due  to  the  presence  of  a  great  amount  of  soap  masking 
the  salty  flavc^r  of  sodium  chloride. 

Under  certain  circumstances  pus  occurs  as  a  thick  mass,  resem- 
bling certain  soft  cheeses.  Such  caseous  pus  is  frequent  in  animals, 
particularly  in  small  rodents,  such  as  rabbits  and  guinea-pigs,  em- 
ployed in  laboratories.  In  other  cases,  pus  is  thin.  The  serous 
portion  is  partially  separated  from  the  solid  elements  which  are  foimd 
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in  the  form  of  coagula.    It  is  often  contaminated  with  products  of 
putrid  fermentations.    It  then  becomes  sanious,  gangrenous,  of  a 
chocolate-brown  color,  and  contains  detritus  of  necrotic  tissue,  at 
times  gas,  and  exhales  a  nauseating  odor. 

Rosenbach  supposed  that  the  color  of  pus  was  related  to  the  nature 
of  the  pyogenic  agent — that  the  staphylococcus  aureus  was  con- 
cerned in  the  formation  of  yellow  pus,  and  that  the  S.  albus  \\'as 
found  in  the  white  variety.  This  idea  does  not  seem  to  be  correct, 
and  we  need  not  wonder,  since  the  S.  aureus  produces  no  pigment 
when  it  is  protected  from  air,  as  is  the  case  with  foci  of  suppuration. 

It  is  not  practicable,  therefore,  to  determine,  by  examining  a 
sample  of  pus,  what  pyogenic  agent  is  concerned,  or  to  tell  whether 
the  pus  is  actually  inliabited  by  living  microbes  or  is  free  from  bac- 
teria. Cultures  are  indispensable.  An  exception  may  be  made  only 
^ith  suppurations  caused  by  the  pneumococcus.  These  are  remark- 
able for  their  thickness,  due  to  the  great  amount  of  fibrin  present, 
^d  for  their  greenish  color.  Hence,  the  possibility  to  declare  their 
origin  at  first  sight. 

ilicroscopic  examination  may  reveal  the  origin  of  a  suppuration 
by  the  various  elements  present,  such  as  glandular  cells,  fibres  of 
connective  or  elastic  tissue,  crystals  of  fatty  acids,  cholesterin,  hema- 
toidin,  calcareous  grains,  and,  finally,  microbes. 

Certain  pathological  secretions  resemble  pus.  Such,  especially,  is 
the  concrete  mucus  found  in  endometritis ;  then  the  steatomatous 
"uid  of  sebaceous  cysts  and,  to  a  certain  extent,  the  contents  of 
^^Thihtic  gunamata.  Error  in  these  cases  may  easily  be  avoided. 
However,  the  chyliform  exudates  of  serous  membranes,  notably  in 
tlie  pleura,  peritoneum,  and  timica  vaginalis,  have  long  been  mis- 
^en  for  pus.  These  are  probably  cases  of  old  purulent  foci  in 
^hich  the  morphological  elements,  microbes,  and  animal  cells  have 
^dergone  fatty  degeneration.  There  remains  only  an  emulsion  of 
'^t,  the  nature  of  which  may  readily  be  determined  by  microscopic 
examination  or  chemical  analysis. 

In  genuine  pus  the  microscope  reveals  the  presence  of  characteristic 
^'k,  formerly  designated  as  pyocytes.  It  is  at  present  possible  to 
^fferentiate  the  cells  and,  in  fact,  the  same  elements  are  found  in 
P^  as  in  the  blood.  Pus  contaiiLs  polynuclear  neutrophil,  eosino- 
pWle,  and,  exceptionally,  basophile  leucocytes,  as  well  as  mononu- 
<^lears  and  lymphocytes.  Finally,  there  are  found  two  orders  of 
^^generated  cells:  the  so-called  corpuscles  of  Gluge,  which  seem  to 
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be  iriade  up  of  an  agglomeration  of  disintegrated  cells,  having  nnde 
gone  fatty  degeneration,  and,  in  the  next  place,  large  spheroid 
cells,  often  in  a  state  of  mucoid  degeneration,  and  derived  from  tl 
fixed  cells  of  connective  tissue  and  from  endothelial  or  adipose  eel 

These  various  cellular  elements  are  found  in  variable  proportior 
The  polynuclear  neutrophiles  predominate  in  ordinary  pus.  Gone 
rheal  pus  is  said  to  be  remarkable  for  the  great  abundance  of  eoei 
ophiles  it  contains.  In  reality,  however,  these  cells  abound  only 
the  time  when  the  acute  phenomena  are  subsiding.  Tlieir  appes 
ance  is  always  an  indication  of  recovery.  It  may  be  hoped  th 
further  advances  in  the  cytological  study  of  pus  will  furnish  da 
utilizable  in  clinical  observation.  Not  that  the  cellular  formula  va 
with  each  species  of  microbe ;  on  the  contrary,  they  seem  to  be  relat< 
rather  to  certain  groups  of  pathogenic  agents.  Thus  the  pus  pr 
duced  by  microbes  so  closely  related  as  are  those  of  variola,  varicell 
and  vaccinia,  possesses  the  same  character.  In  all  three  instances 
is  remarkable  for  the  abundance  of  mononuclears  it  contains. 

Ohemical  Oharactera  of  Pus.  From  what  has  been  said  regardii 
varieties  of  suppuration,  it  is  natural  to  conclude  that  pus  does  n 
always  possess  the  same  chemical  characters.  The  results  obtain 
by  analyses  cannot,  therefore,  have  a  general  bearing.  They  nev< 
thelcss  deserv^e  to  be  examined  in  detail. 

Pus  is  a  neutral  fluid,  at  times  alkaline,  seldom  acid.  Acidil 
when  present,  is  due  to  fatty  acids  and  notably  to  butvTic  acid. 

Treated  with  nitric  acid,  pus  gives  an  abundant  precipitate 
albundii.    The  addition  of  ammonia  transforms  it  into  a  semisoli 
translucent  mass,  similar  to  thick  niucus.    This  effect  is  referal 
to  the  action  exercised  ui)on  the  albumin  by  the  leucocjiies  destroy 
by  the  alkaU. 

The  specific  gra\dty  of  pus  varies  from  1020  to  1040.  Wi 
phlegmonous  pus  it  varies  between  1031  and  1033.  When  left 
itself,  pus  does  not  coagulate,  because  it  contains  no  fibrin.  WTi 
heated,  it  solidifies  at  about  167  F.  (75  C).  Allowed  to  stand,  p 
separates  into  two  layers:  a  clear,  superficial  layer,  the  pus  serui 
and  a  lower  opaque  layer,  which  contains  the  cellular  elements,  t 
pyocytes.  There  arc  710  to  831  i)arts  of  serum  to  166  to  290  pai 
of  corpuscles.  These  figures  are  variable.^  The  chemical  analysis 
pus  corpuscles,  made  by  Hoppe-Seyler,  gives  the  following  figun 

1  Ch.  Robin.     Lecons  sur  Ics  humeurs  normales  et  morbides  du  corps  de  lliomc 
Paris,  1874,  2d  ed.,  p.  376. 
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Substances  Contained  in  One  Hundred  Parts  of  Dbt  Cells. 
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TVve  pus  seruni  resembles  blood  seruni  in  its  chemical  constitution. 
Some  authorities  have  even  gone  so  far  as  to  regard  the  two  fluids 
afiidenlical.  It  has  been  objected  that  the  composition  of  pus  serum 
is  not  constant,  but  the  blood  senim  is  no  less  variable.  This  is 
clearly  demonstrated  b}'  the  following  figures : 


Serum  of  Blood 
(C.  Schmidt). 


Serum  of  Pus 
(Hoppe-Seyler) . 


^^'Me  substances 
^'^^^'luiic  substances 


I. 
917.15 
74.43 

8.42 


II. 
908.84 
82.59 
8.57 


I. 
913.70 
78.57 
7.73 


II. 
905.65 
86.58 

7.77 


Among  the  substances  foimd  in  pus  serum  the  most  important 

^  undoubtedly  the  albimiinoids,  serin,  globulin,  albumose,  and.  in 

'^^ous  abscesses,  chondrin.   Much  stress  has  recently  been  laid  upon 

^^  presence  of  ferments,  toxalbumins,  and  ptomaine,  depending  in 

P^  upon  the  multiplication  of  microbes.    Dr.  Achalme,  who  has 

^  an  admirable  study  of  ferments  contained  in  pus,  notes  the 

P^nce  of  lipase,  amylase,  trypsin,  casease,  a  zymase  liquefying 

platin,  another  decomposing  peroxide  of  hydrogen,  and,  finally,  oxi- 

J«*.   The  last-named  ferment  is  always  verj^  abundant.    Sucrase 

"^ulaae,  emulsin,  lactase,  and  plasmase  are  always  absent.    These 

^'^us  ferments  are  not  produced  by  microbes,  since  they  are  also 

found  in  aseptic  abscesses.    Dr.  Achalme  is  inclined  to  assign  their 

^f^n  in  the  leucocytes. 
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Development  and  Evolution  of  Purulent  Foci. 

Suppuration  cannot,  in  the  author's  opinion,  be  held  to  be  a  re 
tion  aroused  directly  by  chemical  or  animate  pyogenic  agents.  ^. 
mechanism  is  more  complex,  and  involves  two  distinct  acts.  1 
pyogenic  agents  first  give  rise  to  a  necrosis,  a  primary  mortificat 
of  tissues.  The  parts  thus  altered  become  a  cause  of  secondary  i 
tation  which  is  expressed  by  the  production  of  round  cells,  of  wh 
some  originate  on  the  spot  and  others  migrate  from  the  vessels. 

Wlien  pyogenic  toxins  or  a  chemical  substance,  like  turpentine, 
introduced  into  the  subcutaneous  cellular  tissue,  the  first  act 
pyogenesis  is,  as  has  been  shown  by  Bardenheuer  with  turpenti 
a  cellular  necrosis.  A  reaction  then  becomes  manifest.  This  is 
second  act  of  the  process.  Around  the  necrosed  region  the  cells  s\ 
and  proliferate.  At  the  same  time  the  vessels  dilate  and  exud 
serosity,  while  the  leucocytes  migrate  from  the  blood  current  i 
take  up  a  position  between  the  necrosed  and  the  inflamed  pa 
Some  of  the  new  cells,  however,  die  and  remain  in  the  central  z< 
of  the  focus.  We  may  admit,  then,  with  Lemiere,  that,  as  a  r 
every  suppurative  focus  consists  of  three  zones:  a  central  necro 
zone;  a  middle  zone,  characterized  by  an  infiltration  of  leucocy 
and  a  peripheral  zone  made  up  of  fixed  cells  which  proliferate  i 
tend  to  encvst  the  lesions. 

Among  these  phenomena  the  arrival  of  leucocytes  is  a  most  in 
^sting  one.  It  is  known  that  the  blood  normally  contains  ab 
6000  leucocytes  per  cubic  millimetre,  or  30,000,000,000  for  the  : 
kilograms  of  blood  of  the  human  body.  In  i)hlegmonous 
125,000  pyoc\i:es  per  cubic  millimetre  are  counted,  or  125,000,000, 
per  kilogram  (one  litre).  In  some  cases  suppm*ation  amounts 
500  or  even  1000  c.cm.  in  twenty-four  hours.  Taking  the  lei 
figure,  500  c.cm.,  we  see  that  the  focus  discharges  60,000,000, 
round  cells,  the  greater  part  of  which  is  represented  by  leucocy 
This  is  nearly  twice  as  much  as  the  number  of  leucocytes  contai 
in  the  total  amount  of  blood.  It  is  to  be  noted  that  the  phenom 
of  diapedesis  are  prepared  and  preceded  by  an  increased  leucocyte 
The  blood  of  an  individual  suffering  from  suppuration  is  found 
contain  15,000  to  20,000  leucocytes  per  cubic  millunetre;  in  sc 
cases  this  figure  reaches  36,000. 

It  now  remaias  for  us  to  learn  how  this  increased  productioE 
white  corpuscles  is  efTected.    It  probably  depends  upon  the  micro 
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lud  cellular  secretions  occurring  in  tlie  focus  of  suppuration.  In 
fflct,  it  has  been  establisheti  that  the  secretions  of  certain  microbes 
liiid  the  proteins  contained  in  their  protoplasm  excite  leucocytosis 
(Buclmer),  In  non-niicrobic  suppurations  this  rflle  of  excitant  must 
'icvuive  on  the  products  of  cellular  destruction, 

Tie  mjcrobic  or  cellular  products  thus  originating  in  the  affected 
parts  act  probably  upon  the  organs  in  which  the  leucocytes  ai-e 
fofiBed— the  bone-marrow,  lymphatic  glands,  spleen,  and,  in  children, 
Hie  liiymiis.  Tliey  induce  proliferation  in  distant  parts  as  they  do 
b  the  main  focus.  Nutritive  and  proliferative  overactivity  may, 
pwhajs,  accounl  in  part  for  the  fever  of  suppuration, 

Cohnheim  had  already  noted  that  the  leucocytes  could  not  emi- 

pate  unless  the  vessels  were  dilated  and  the  circulation  slowed. 

-Wter  those  white  corpuscles  have  parsed  out  of  the  blood \'esse Is, 

ili^vmake  their  way  to  the  pyogenic  agents.    In  fact,  it  has  been 

ili'Moustrated  that  steriUzed  cultures  of  the  staphylococcus  aureus 

l'>mss  the  property  of  attracting  the  migrating  cells.     If  a  number 

"f  rapiljarj-  tuljes  be  introduced  into  the  abdomen  of  a  frog,  some 

"''  lie  tubes  being  filled  ttith  sterilized  cultures  of  the  microbe  men- 

''OEfd  and  others  with  water  or  bouillon,  the  latter  remain  un- 

'•mdied,  while  the  former  become  filled  with  numberless  leucocj-tes. 

•oe  products  of  organic  disassimilation  exercise  an  analogous  infiu- 

®tiw  and,  consequently,  the  cells  altered   by  pyogenic  substances 

**f^Tomea  new  source  of  attraction  for  the  leucocytes. 

Some  of  these  leucocytes,  when  in  contact  with  the  accumulated 

Pffiducts  in  the  foci,  undergo  rapid  necrosis.    Others,  simply  irritated, 

Proliferate  by  direct  (Uvision  of  the  nucleus.     While  the  migrated 

^^Ucocytes  are  at  work  the  fixed  cells  of  the  tissue  do  not  remain 

inactive.  The  old  experiments  of  Hoffmann  and  von  Recklinghausen 

**nd  to  prove  this.     These  authors  irritated  the  cornea  of  an  animal 

*ni|  then  placed  the  eye  or  the  entire  head  in  a  damp  chamber. 

Ait*f  gome  time  they  foimd  an  acctmiulation  of  round  cells  at  the 

"Titaied  point.    A'on  Recklinghausen  has  likewise  seen  the  cells  of 

*he  cornea  undergo  a  change  in  form  and  become  migrating  cells. 

Siniijar  modifications  have  been  described  in  the  cells  of  connective 

*^i  adipose  tissue,  and  in  those  of  serous  membranes  (Cornil  and 

T^oiqiet).    According  to  Grawitz,  connective  tissue  cells  are  the  seat 

of  an  active  karyokinesk  and  are  transformed  into  mononuclear  and 

'ven  polynuelear  corpuscles.    Let  us  also  recall  the  recent  researches 

of  Ranker  on  the  clasmatocytes,  those  large  connective  tissue  cells 
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which  represent  fixed  leucocj'tes  and,  under  the  mfluence  of  inflf 
mation,  are  again  converted  into  white  corpuscles. 

The  respective  rdles  of  fixed  and  wandering  cells  have  been  sho 
by  the  researches  pursued  by  Ribbert  with  the  staphylococcus,  t 
by  Kiener  and  Duclert  with  the  tetragenus. 

A  focus  of  necrosis  is  first  produced,  then  large  leucocjrtes  en 
the  field,  which  process  takes  place  coincidently  with  a  proliferati 
of  fixed  cells.  These  various  cells  are  endowed  with  great  phagocy 
activity.  Such  are  the  phenomena  observed  on  the  first  day.  ' 
the  second  day  the  fixed  cells  become  the  seat  of  karyokinesis  a 
begin  the  process  of  repair.  At  this  time  leucocytes  of  the  smal 
variety  arrive.  If,  however,  the  quantity  of  microbes  introducec 
quite  considerable,  many  phagocytes  die,  and  some  of  them,  as  "^ 
as  the  microbes  yet  at  large,  are  seized  and  ingested  by  the  mac 
phages — i.  e.,  by  the  large  mononuclear  cells  derived  from  the  o 
nective  tissue  cells.  The  phagocytic  r6le  of  fixed  cells  is  espedt 
marked  from  the  fourth  day  onward.  At  this  period  the  envelop 
or  pyogenic  membrane  becomes  vascularized,  granulations  deve 
rich  in  giant  cells,  which  continue  the  work  of  phagocytosis,  and 
white  cells,  which  become  the  future  clasmatocytes. 

According  to  Ribbert,  the  round  cells  defend  the  organism  not  o 
by  ingesting  the  microbes,  but  by  forming  a  baiTier  aroimd 
virulent  focus  and  establishing  a  sort  of  vital  competition  with 
pathogenic  agents.    The  latter  succumb  because  their  supply 
nutrient  elements  and  oxygen  is  cut  off  and  they  are  poisoned 
their  own  noxious  substances. 

Thus,  while  on  the  one  hand  the  microbes  are  ingested  and 
stroyed,  on  the  other  the  cells  die.  If  the  dead  cells  are  not  v 
numerous,  the  macrophages  pick  them  up  and  remove  them  as  ^ 
as  the  bacteria  contained  in  them  (scavengers).  No  suppuratioi 
produced  and,  after  a  certain  time,  the  lesion  is  completely  heal 
If,  on  the  contrary,  the  number  of  dead  cells  is  considerable, 
cadavers  accumulate  in  the  focus,  and  thus  is  constituted  the  pu 
lent  collection. 

In  most  cases  the  abscess  opens  externally,  and  the  dead  eleme 
with  a  great  number  of  microbes  are  thus  expelled.  Neverthel 
virulent  agents  remain  in  the  focus,  and  it  may  be  asked  how  a  c 
is  ever  possible,  especially  when  the  purulent  focus  becomes  enc}^1 
In  such  cases,  the  author  believes  a  chemical  modification  of 
fluids  and  tissues  of  the  organism  takes  place,  rendering  the  me 
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\infavorable  for  the  development  of  the  microbes.  The  vitality  of 
the  latter  gradually  declines,  and  their  removal  by  phagocytes  is 
easily  accomplished.  If  the  focus  remains  closed,  cure  is  possible, 
but  the  pus  then  undergoes  transformatioas.  In  some  instances  the 
elements  of  which  it  is  composed  undergo  fatty  degeneration,  so  that 
the  focus  is  transformed  into  a  chyhform  fluid.  In  other  cases,  the 
serum  is  absorbed  and  there  remains  a  caseous  mass  which  may  later 
become  infiltrated  with  calcareous  salts. 

The  suppurative  process  is  attended  by  local  and  general  symp- 
toms. The  local  symptoms  are  well  known  as  the  four  cardinal  signs 
of  mflanimation — swelling,  pain,  heat,  and  redness  (tumor,  dolor, 
«)lor  et  ruber).  The  primary  phenomenon  is  tumefaction,  due  to 
nutritive  and  vascular  modifications  which  attend  and  explain  the 
pyogenesis. 

Pain,  which  is  often  the  first  appreciable  phenomenon,  is  due  to 
increased  sensitiveness  of  the  parts  by  the  excessive  influx  of  blood; 
to  irritation  or  rupture  of  nerve  filaments,  and,  finally,  to  compres- 
sion of  neighboring  parts. 

Heat  and  redness  are  two  symptoms  which  have  been  described 
according  to  the  evolution  of  superficial  suppiu'ations  and  which  are 
attributed  to  an  exaggerated  affiux  of  blood,  augmentation  of  nutri- 
tive exchange,  and  proliferation  of  cells.  No  experiments,  however, 
nave  as  yet  been  made  to  verify  whether  suppuration  in  deep-seated 
o^ans  is  also  attended  with  a  local  rise  of  temperature. 

^Tien  undisturbed,  an  abscess  tends  to  open  either  into  a  neigh- 
boring organ  or  outwardly.  When  opened,  whether  naturally  or  sur- 
P^^y,  the  pus  and  the  pyogenic  microbes  pass  out  of  the  focus,  and 
^  is  followed  by  alleviation  of  the  local  and  general  symptoms. 
I^some  cases  evacuation  is  accomplished  at  once,  and  cicatrization 
K  soon  established.  More  often,  however,  the  pus  re-forms  and  the 
process  lasts  for  a  more  or  less  prolonged  period. 

The  local  manifestations  are  in  most  cases  accompanied  by  general 
phenomena.  When  the  latter  appear  in  the  beginning  of  the  process, 
^pave  infection  is  to  be  feared,  since  they  indicate  a  special  viru- 
lence of  the  pathogenic  agent. 

^edo  not  need  to  dwell  here  upon  the  various  disturbances  whicli 

"^y  be  observed.    They  are  those  common  to  all  infectious  pro- 

^*8ses.    The  onset  is  characterized  by  chills ;  a  rise  of  temperature 

then  occurs;  the  fever  may  be  continuous  or  remittent,  or  even 

frankly  intermittent.    At  a  more  advanced  stage  it  may  assume  a 
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hectic  character,  accompanied  by  secretory  modifications,  albun 
iiria,  etc.,  which  will  be  referred  to  again. 

Gold  Suppurations.  From  the  point  of  view  of  their  evoluti 
abscesses  have  been  divided  into  two  classes:  hot  abscesses,  with 
acute  and  clearly  inflammatory  evolution,  and  cold  absc^^sses,  eh 
acterized  by  a  slow  and  indolent  progress.  Tlie  latter  are  often  d 
to  the  tubercle  bacillus.  It  was  at  one  tune  assmned  that  they  \re 
always  dependent  upon  the  pathogenic  agent  named.  Recent  co 
tributions  demonstrate,  however,  that  cold  abscesses,  whether  cut 
neons  or  osseous,  are  not  necessarily  of  tuberculous  nature.  Tl 
author  observed  a  case  of  cutaneous  cold  abscess  due  to  a  comoM 
pus  coccus,  the  staphylococcus  aureus.^  Facts  of  this  kind  are  n 
rare.  Hallopeau^  has  reported  two  interesting  cases,  and  Hulot,' 
an  interesting  thesis,  hits  described  cutaneous  suppurations  whi< 
evolve  like  tubercular  lesions  and  are  attended  by  a  progressr 
•cachexia  ending  in  death.  These  cold  streptococcic  abscesses  a 
-especially  frequent  in  children,  although  they  may  also  bo  observ( 
in  adults.  A  similar  evolution  may  also  be  observed  in  cases 
osteomyelitis. 

In  most  iiLstances,  however,  cold  suppurations  of  the  bones  are  d 
to  Eberth's  bacillus.  We  find  in  the  memoire  of  Chantemesse  a 
Widal  a  great  number  of  observations  proving  the  slow  and  insidic 
course  of  certain  osteomyelites  of  typhoid  origin. 

Suppuration  in  the  Various  Parts  of  the  Organism. 

All  parts  of  the  organism  are  not  equally  Uable  to  invasion 
pyogenic  microbes.  Suppuration  is  rare  in  cartilages,  owing,  perhs 
to  their  scanty  vascularization.  There  are,  however,  inexplica 
<lifferences  lietwcen  analogous  tissues.  Thus,  while  abscesses 
quit€  frequent  in  the  brain,  the  spinal  cord  is  very  seldom,  if  e^ 
the  seat  of  a  purulent  focus.  The  same  is  true  with  reference 
muscular  tissue.  There  are  but  three  muscles  which  are  at  tij 
invaded  by  suppuration,  namely,  the  iliac  psoas,  the  sternoclei 
mastoid,  and  the  deltoid.  The  resistance  of  the  lungs  is  also  v 
remarkable.  In  spite  of  the  frequency  of  infections  and  the  gi 
number  of  pyogenic  germs  entering  the  respiratory  tract,  pulmpn 

*  Roger.  Abc^  froids  dus  a\i  staphylocoque  dor^.  Gazette  hebdomadal  re,  Au 
6,  1892. 

'  HalloF>eau.  Abcds  cutan^s  et  80us-cutan6s  multiples  et  r^cidivant*  che«  les  je 
enfants.    Annales  de  dermatologie,  1894. 

'  Hulot.    Infection  d'origine  cutan^  chez  les  enfants.    Th^se  de  Paris,  1895. 
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suppurations  are  quite  limited  and  special.    No  more  than  small 

purulent  points  are  observed  in  bronchopneumonic  foci;  the  process 

is  suppuration  in  the  cavities.    True  pulmonary  abscess  is  of  very 

rare  occurrence. 
T\Tiatever  the  suppurating  organ  or  tissue  under  observation  may 

be,  the  same  pyogenic  agents  are  always  discovered.  Aside  from  the 
specific  suppurations,  the  microbes  found  in  pus  are  generally  the 
staphylococcus  or  the  streptococcus,  the  colon  bacillus,  the  pneumo- 
coccus,  and  less  frequently  the  tetragenus  or  various  species  of  minor 
importance.  It  is  to  be  remembered,  however,  that  the  relative 
frequency  \idth  which  these  pyogenic  species  are  met  with  varies 
considerably  according  to  the  part  affected.  It  is  readily  conceived 
that  the  bacteriological  nature  of  a  suppuration  must  be  related  to 
the  species  normally  inhabiting  the  region  invaded. 

Cutaneous  Suppurations.  The  researches  of  Remlinger  show  that 
there  are  40,215  bacteria  to  the  square  centimetre  of  skin.  Forty- 
eight  out  of  fifty  colonies  are  composed  of  staphylococci.  Conse- 
quently, when  a  suppuration  occurs  in  the  skin,  this  microbe  wdll  be 
foimd  in  most  cases. 

Succopharjmgeal  Suppurations.  It  is  not  the  staphylococcus  but 
the  streptococcus  that  is  most  frequently  met  with  in  buccopharyn- 
pal  suppurations,  since  the  latter  microbe  is  constantly  present  in 
the  mouth.  Some  other  pyogenic  species,  such  as  the  tetragenus, 
pneuiiiococcus,  staphylococcas,  proteus  vulgaris,  and  colon  bacillus 
^  also  found,  but  in  small  numbers.  It  is  the  streptococcus  which 
^^ly  becomes  exalted  and  gives  rise  to  the  different  varieties  of 
phlegmonous  sore  throat  and  abscesses  of  the  tonsils. 

Hasal  Suppurations.  It  is  admitted  that  the  staphylococcus  is 
the  microbe  concerned  in  most  cases  of  purulent  rhinitis.  There  is 
^0  doubt  that  this  coccus  does  produce  nasal  suppurations.  The 
author  has  found  it  in  abscesses  of  the  septum  in  a  state  of  purity. 
R  is  well  to  remark  that  the  mucopus  flo\\4ng  from  the  nares  before 
^^  abscess  was  opened  contained  no  microbes  other  than  the  staphy- 
lococcus. 

It  Ls  important  to  call  attention  to  the  frequency  and  gravity  of 
purulent  coryza  of  streptococcic  origin  in  scarlatina.*  It  is  an  early 
DJanifestation  characterized  by  a  continuous  discharge  and  often 
*<^<?ompanied  with  enormous  cervical  adenopathies  and  suppurative 

*  ChauBserie-Lapr^e.    De  la  rhinite  punilente  dans  la  scarlatine     Th^se  de  Paris,  1900. 
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otitis.  The  microscopic  examination  reveals  the  streptococc 
ahnost  in  a  state  of  purity.  The  streptococcus  was  found  associat 
with  the  staphylococcus  aureus  in  one  case.  This  impure  culti 
inoculated  into  a  guinea-pig  caused  death  of  this  animal  in  fort 
eight  hours. 

Auricular  and  Ocular  Suppurations.  Otitis  media  may  l)e  due 
anaerobic  microbes,  but  in  most  cases  it  depends  upon  the  strepi 
coccus,  pneumococcus,  staphylococcus,  tetragenus,  the  bacillus 
Friedlaender,  and  the  bacillus  proteus.  The  pneumococcus  is  pj 
ticularly  frequent  in  primary  otites,  the  streptococcus  in  secondai 
All  may  give  rise  to  lesions  in  more  or  less  distant  parts,  especia 
to  suppuration  of  the  mastoid  cells,  phlebitis  of  the  sinuses,  abs© 
of  the  cerebrum  and  cerebellum,  meningites,  and  even  pyem 
\\Tien,  however,  suppuration  has  lasted  for  some  time,  the  micro 
or  microbes  which  may  have  been  present  in  the  beginning  of  1 
process  disappear  and  the  staphylococcus  alone  is  found.  Such 
least  is  the  fact  in  odorless  suppurations,  since  pus  which  becon 
fetid  contains  anaerobic  organisms  capable  of  invading  the  mast( 
and  giving  rise  to  gangrenous  septicemia  and  to  suppm*ative  foci 
distant  parts. 

Unlike  the  suppurations  of  the  parts  ah*eady  mentioned,  those 
the  eye  seem  to  be  due,  in  most  cases,  to  specific  microbes.  Pu] 
lent  conjunctivitis  generally  depends  upon  the  gonococcus.  Otl 
microbes,  however,  may  likewise  be  concerned,  such  as  the  bacil 
of  Koch-Weeks  and  the  ordinary  pyogenics. 

Suppurations  of  the  Respiratory  Passages.  In  the  deep  parts 
the  respiratory  ])assages  the  ordinary  pyogenic  microbe  is  the  pni 
mococcus,  as,  for  instance,  in  cases  of  bronchopneumonia,  in  wh 
the  streptococcus,  the  })neumobaciIlus,  and  the  staphylococcus  n 
also  be  found,  but  less  frequently. 

In  cases  of  fibrinous  j)neumonia  suppuration  is  exceptional.  Wl 
it  occurs  it  is  due  to  a  secondary  infection  \\ith  the  staphylococ 
aureus,  seldom  with  the  stre])tococcus  or  pneumobacillus.  Contr 
to  classical  opinion,  however,  it  seems  to  be  established  that 
suppuration  of  a  pneumonic  focus  may  be  due  to  the  pneumococ 
alono.  This  is  clearlv  evidenced  l)v  the  observations  of  Zenker  i 
especially  by  the  researches  of  Griffon,  who  studied  five  case^ 
suppurative  pneumonia. 

Suppurations  of  the  Digestive  Canal.    The  colon  bacillus  and 
intestinal  streptococcus  were  until  recently  held  to  be  chiefly  resp 
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sible  for  suppurations  of  the  alimentary  canal.    The  anaerobic  spe- 
cies, and  notably  B.  ramosus  of  Veillon,  are  at  present  supposed  to 
play  a  more  imix)rt.ant  r61e.    CJonceniing  this  subject  we  passess 
ver)'  few  documents.    All  we  know  with  regard  to  phlegmonous 
enteritis  is  contained  in  the  work  of  Ziegler  and  Mintz,  who  detected 
the  streptococcus.    The  production  of  hemorrhoidal  phlebites  and 
anal  abscesses  is  attributed  to  the  colon  bacillus.    We  are  better 
informed  as  regards  appendicitis.  Most  authorities  admit  the  action 
of  the  colon  bacillus  and  streptococcus.    Veillon  argues  that  the 
principal  r61e  is  i)layed  by  the  B.  ramosus,  and  he  thinks  that  the 
fetid  character  of  the  pus  and  the  gangrenous  state  of  the  walls  prove 
the  anaerobic  nature  of  the  process.    Appendicitis  is,  therefore,  held 
hy  many  to  be  a  variety  of  enteritis,  its  particular  character  being 
due  simply  to  the  special  anatomical  conditions  of  the  affected  part. 
Experimental  Appendicitis.    In  order  to  elucidate  the  mechanism 
of  appendicitis  experimentation  was  resorted  to  by  Roux  (of  Lau- 
sanne).  As,  however,  he  operated  upon  the  pig — an  animal  without 
an  appendix — he  previously  created  an  appendix  at  the  expense  of 
the  cecum,  and  obtained  negative  results.    Taking  up  the  question 
with  Dr.  Josu6,*  we  operated  upon  the  rabbit.    The  appendix  of  this 
animal  differs  from  that  in  man  in  that  it  is  far  more  voluminous 
and  is  in  free  conmiunication  with  the  cecum,  but  its  analogy  with 
the  appendix  of  man  is  admitted  by  anatomists,  such  as  Krause, 
Ribbert,  etc. 

Some  time  after  the  publication  of  our  researches  on  experimental 
appendicitis  the  question  was  taken  up  by  Dr.  Gervais,  who  con- 
fimied  our  conclusions,  and  by  Beaussenat,  who  obtained  appendi- 
^itfs  by  exciting  gastrointestinal  disturbances.    Dr.  Chastanet*  pur- 
eed experimental  researches  in  our  laboratory  and  demonstrated 
^hat  it  is  possible  to  induce  appendicitis  in  the  rab!)it  !)y  causing 
^^^  animal  to  swallow  microbic  cultures.    The  appendix  becomes 
effected  the  same  as  the  other  portions  of  the  digestive  canal,  but 
^^^'^  reparation  seems  to  be  less  easy.    Chastanet  further  determined 
this  difference  by  producing  traumatism  in  the  various  portions  of 
the  intestine  and  noticing  that  the  lesions  of  the  appendix  persisted 
^^H  after  cicatrization  of  the  lesions  in  the  other  parts.    The  lesioas 
found  in  all  these  experiments  were  ulcers.     These  facts  lead  to  the 

Roger  ct  Jq8u6.    Appendicite  exp^rimentale.     Socii5t^  m^d.  des  h6pitaux,  Jan.  31, 
1SS>6.   Rechercbes  expSrimentales  sur  Tappendicite.    Revue  do  in6decine,  June,  1896. 
'  Chmtftnct.    Recherches  exi>^rimeiitale8  sur  I'appendicite.    Th^se  de  Paris,  1897. 
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conclusion  that  the  appendix  represents  a  lymphoid  organ,  compaj-. 
able  to  the  tonsil.    Like  the  latter,  it  is  frequently  the  seat  of  acut^ 
primary  or  secondary  infections.    This  is  what  happens  wlien  tho 
intestinal  germs  become  exalted  in  consequence  of  some  dietetic 
error,  a  depressing  cause,  or  an  infectious  or  other  disease.    Tlie 
appendicular  iiifiammatioQ  may  be  slight  and  be  completely  repaired. 
In  other  cases  it  is  expressed  by  ulcerations,  wiiich  are  less  easiiy 


Eipei 


t[U  appendicitU  of  eighteen  ilays'  atanding. 


reparable.  The  latter  may  cicatrize  or,  on  the  contrary,  give  rise  tC^ 
adhesions  which  constrict  the  cavity  and  often  obliterate  it .  Primar)"*''^ 
obliteration  of  the  appendix  is  hardly  conceivable.  The  idea  that- 
its  obliteration  represents  the  last  stage  of  an  ulcerating  process 
seems  to  be  in  perfect  harmony  with  the  ensemble  of  pulilished  facts. 
In  otU"  own  experiments  it  was  found  necessary  to  inject  \irulent 
microbes  into  the  intestinal  cavity  in  order  to  induce  appendicitis- 


SUPPURATION.  217 

ligation  of  the  appendix  is  sufficient.    The  rabbits  thus 

upon  first  lose  flesh  and  seem  to  be  suffering,    Tliey  soon 
however,  grow  fat,  and  no  longer  present  any  disturbance, 
iless,  at  the   end  of  a  few  daj'^,  palpation  of  the  abdomen 
Jie  presence  of   a   deep-seated  turner,  of 
ir  less  size   and   consistency,  situated  to 

side  of  the  median  line.  The  majority  of 
als  thus  survi\"e  almost  indefinitely.  They 
!  killed  in  order  to  study  the  course  of  the 
Some  rabbits  died  a  few  day.s  after  the 
I.  These  suffered  from  a  profuse  diarrlieo, 
ily  emaciated. 
sions  vary,  of  course,  according  to  the 

tinie  since  the  operation.  The  day  fol- 
fie  operation  the  walls  of  the  ajipendix 
1  to  be  more  vascularized  than  normally : 
r  LI  ilistended  by  a  variable  quantity  of 

The  second  day  the  surface  of  the  cavity 
1  with  a  purulent  layer.  From  the  fourth, 
even  from  the  third  day  onward,  soft  but 
iscularized  adhesions  are  formed.  The 
the  appendix  is  milk-white,  suggestive 
rulent  transformation.  The  cavity  eon- 
Tcenish  substance.  On  the  sixth  day  the  appendix  still 
an  almost  normal  aspect,  but  it  is  closely  adherent  to  the 
ing  intestinal  coils.  Its  contents  ai-e  mixed  with  pus  and 
iilent  floating  floccuii. 

tire  inside  of  the  appendix  then  undergoes  a  purulent  trans- 
1,  Coincidently,  the  walls  become  liistended,  so  that  toward 
h  day  an  ovoid  eyst  is  found  measuring  about  3  cm.  in 
,  {Fig.  2.)  iVfter  having  reached  this  degree  of  develop- 
e  purulent  pouch  seems  to  remain  stationary,  .is  we  were 
)n>'ince  ourselves  by  killing  one  of  the  animals  three  months 
Ltjon  of  the  appendbc.  (Fig.  3.) 

case  did  we  observe  the  pouch  open  into  the  peritoneiun, 
tveral  it  was  so  tliin  at  certain  points  that  rupture  might 
IT  Booner  or  later. 

icToecopic  examination  of  the  pus  reveals  the  presence  of 
•e  and  microlws.  In  old  cases,  the  leucocytes  undergo 
itty  degeneration.     Bacilli  are  rare.     In  some  cases  it  is 
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iresence  olJ 


necessary  to  resort  to  cultures  to  demonstrate  the  ]iresence  c 
colon  bacillus. 

Histological  exauiinatiou  reveals  extensive  lesions.  Fig.  4  r 
resents  the  state  of  the  walls  three  daj-s  after  the  operation.  WT 
slightly  rnattnifiptt,  it  is  seen  that  Ihe  general  structure  of  the  app 
dix  is  preser\'e(l. 


Wall  u(  thft  Kpp- 


If  a  more  advanced  case  is  examined,  for  instance,  one  fifteen  d 
old,  it  is  seen  that  the  norniat  structure  of  the  organ  has  coraplet 
disappeared.  (Fig.  5.)  WTien  shghtly  ntagnified  it  appears  lik 
conapact  tissue  %vith  irregular  contour,  presenting  here  and  there 
of  necrosis. 


if  lb?  appendix  flEteen  daya  sFler  ligi 


With  high  magnification  in  seen  a  fibrillary  tissue  with  nume 
nuclei.  At  certain  points  there  are  some  foci  of  necrosis  vag 
recalling  the  form  of  follicles.  Elsewhej-e  are  found  euibry 
masses  made  up  of  infectious  nodules.  The  presence  of  a  few  i 
cular  celb  may  yet  be  perceived.  It  is  impossible  to  detect  niicr 
in  the  eection-s. 
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The  importance  recently  attributed  to  foreign  bodies  in  the  appen- 
dix led  us  to  make  another  series  of  experiments.  We  introduced 
into  the  appendix  of  two  rabbits  a  ball  of  wax,  of  sufficient  size  in 
one  of  the  cases  to  distend  the  intestinal  walls.  No  disturbance 
resulted  from  the  operation.  The  animals  were  killed  at  the  end  of 
a  fortnight  and  no  lesions  were  found.  The  appendix  was  abso- 
lutely normal.  Moreover,  the  foreign  body  could  not  be  foimd,  as, 
in  spite  of  its  considerable  size,  it  had  been  forced  out  by  the  con- 
tractions of  the  appendix. 

From  our  series  of  experiments  it  is  seen  that  only  one  experi- 
mental procedure  produces  ulcerative  appendicitis,  \dz.,  complete 
ligation  of  the  appendix.  The  cul-de-sac  must  be  transformed  into 
a  closed  cavity.  Even  double  stricture  does  not  cause  inflanmaation, 
Dor  does  the  introduction  of  a  ball  of  wax. 

It  now  remains  to  account  for  the  manner  in  which  the  suppuration 
<^f  the  appendix  is  produced  when  completely  ligated.    It  is  not  the 
^ult  of  an  arrest  of  the  circulation,  since  the  numerous  vessels 
passing  through  the  peritoneal  fold  amply  suffice  to  insure  the  circu- 
lation.   In  fact,  if,  after  having  ligated  the  appendix,  an  appen- 
y'cular  fistula  be  created,  by  which  the  free  extremity  of  the  organ 
^  connected  with  the  exterior,  no  notable  incident  occurs.    As  soon, 
however,  as  the  fistula  is  obUterated  and  the  cul-de-sac  is  transformed 
^'ito  a  closed  cavity,  suppuration  sets  in.    This  sunple  exi)eriment 
^^^ionstrates  that  suppuration  is  produced  because  an  arrest  of  the 
^-*^'  of  fluids  occurs.    We  resorted  to  another  series  of  experiments 
'^Uch  proved  that  the  suppuration  is  not  due,  as  some  authori- 
^^  suppose,  to  exaltation  of  pyogenic  germs.    Cultures  made  with 
*^W  drops  of  the  contents  of  a  normal  appendix  proved  capable  of 
^^^^lucing  suppurative  lesions  in  rabbits  and  death  in  nine  days, 
^ile  similar  cultures  i)repared  two  or  three  days  after  liaiation  of 
^^  appendix  had  exactly  the  same  virulence  as  those  made  before 
.^^  operation.    After  the  fourth  day  the  pathogenic  power  of  the 
^^€^tinal  contents  declined  rapidly.     It  is  a  general  law,  that  in 
*^^^i*ulent  foci  microbes  become  progressively  weaker,  and  even  finally 
^^appear.    The  mechanism  of  apjiendicular  sui)puiation  is  the  same 
^"^  that  govermng  the  formation  of  al!  purulent  foci.     In  fact,  it  is 
^^owu  that  pyogenic  microbes  act  !)y  virtue  of  the  soluble  sub- 
^^^nces  which  they  secrete.    Under  normal  conditions,  however,  the 
Products  of  the  microbes  in  the  ajipendix  are   discharged   with 
^^^  fecal  matters.    After  ligation  the  toxins  accumulate  iuul,  as  the 
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experiments  of  Poliakoff  have  shown,  the  products  of  the  pyog 
germs  act  particulariy  when  they  are  elaborated  slowly  and  pro| 
sively.  We  are  thus  led  to  the  conclusion  that  appendicitis  dep< 
upon  the  general  causes  of  suppiu-ation.    It  is  a  tox-infectious  le? 

Abscesses  of  the  Liver.  The  portal  vein  represents  the  e 
channel  for  the  introduction  of  microbes  into  the  liver.  As  hep 
abscesses  are  connected  with  intestinal  lesions,  it  is  the  portal  ' 
which,  owing  to  its  anatomical  connections,  insures  morbid  s 
pathy  between  the  alimentary  canal  and  the  liver.  In  some  c 
germs  pass  through  this  vessel  without  leaving  any  trace,  as  is  not: 
the  case  in  dysentery.  In  other  instances  a  suppurative  pylep 
bitis  affecting  the  entire  portal  system  and  its  contributory  bram 
occurs  and  represents  an  intermediate  incident  accounting  for 
propagation. 

Aft^r  dysentery,  we  must  also  cite,  among  intestinal  affect 
which  give  rise  to  hepatic  suppurations,  all  those  which  are  res) 
sible  f(jr  intestinal  ulcerations :  typhoid  fever,  tuberculous  entei 
typhlitis,  and  appendicitis.  It  is  to  be  noted,  however,  that  abscc 
are  as  rare  imder  these  conditions  as  they  are  frequent  in  dj'sent 

The  most  varied  pyogenic  microbes  may  be  encoimtered  in  hep 
suppuratioiLs.  The  streptococcus  as  well  as  the  colon  bacillus 
the  staphylococcus  are  found.  Dr.  Lannois  has  reported  an  ir 
estins;  o))servation  of  an  hepatic  abscess  with  Eberth's  bac 
occurring  in  the  course  of  a  typhoid  fever  and  caused  by  a  p 
phlebitis. 

A  point  of  interest  in  the  history  of  hepatic  abscesses  is  the 
that  tht'  pus  is  often  sterile.  This  has  been  clearly  ascertaine 
forty  observations.  As  has  already  !)een  remarked,  every  old  $ 
purativc  focus  finally  becomes  sterile,  but  some  hepatic  abscei 
by  no  means  old,  have  been  found  equally  free  from  microbes, 
explanation  is  found  in  the  well-known  destructive  action  of  the  1 
upon  bacteria. 

Dysenteric  abscesses  of  the  liver  are  seldom  sterile.  Out  of  1 
teen  cultures  niado  l)y  Kartulis,  microbes  developed  in  five  instar 
The  staphylococci  aureus  and  albus,  and  the  B,  proteus  ruZj 
were  the  sj^ecies  found  under  these  conditions.  On  the  o 
hand,  examination  of  sections  demonstrated  that  the  walls  of 
abscesses  contained  ))acteria,  even  when  the  cultures  were  nega1 
Such  was  the  result  in  ten  cases.  There  remain,  therefore,  but  t 
observations  of  sterile  al^scesses. 
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(^liether  bacteria  are  detected  or  uot,  Kartulis  always  found 
ainebtt.  Snme  experiments  pursued  by  Marchoux  upon  cats  ahow 
that  (ij-seuteric  abscesses  of  the  liver  may  result  from  tlie  injection 
of  ilysenioric  stools  containina;  uuieb^. 

Si^poratioiis  of  the  Pancreas.     Although  placed  anatomicall}-  in 

a  stlfficiently  analogous  situation,  the  pancreas  is  far  less  frequently 

iiffected  than  the  liver.     Like  the  latter  organ,  it  is  infected  either 

hy  genus  carried  to  it.  by  the  bloodvessels  or  by  bacteria  entering 

if  by  ivgy  of  the  excretory  channeLs.    The  conditions  favoring  infee- 

tinn  are  eridently  the  same  in  both  instances.    Pancreatic  suppu- 

raiioos  may,  then,  be  observed  in  purulent  infections,  in  variola, 

"Ppfiuiieitis  and  in  consequence  of  lesion  of  the  stomach  and  duo- 

•Ifnum.    Tlie  colon  bacillus  is  the  microbe  found  in  the  majority 

"f  M«B,  and  it  seems  that  the  localization  of  this  microbe  is 

'avored  by  the  pre\'iuus  lesions  of  the  organs — cysts,  sclerosis, 

liiiuasis. 

Snppuratioiis  of  the  Urinary  and  Genital  Organs.   Like  the  diges- 

'"■'■  iijiparatup,  the  genito-iirinary  Iraot  conimunicates  by  its  ter- 

"liiial  cud  nith  the  external  world.     It  may,  therefore,  be  infected 

from  without  as  well  as  from  within.     In  man,  however,  protection 

'*S*iDst  the  outward  germs  is  fairly  well  insured.     Under  normal 

^1ditii)ns,  microbes  do  not  penetrate  beyond  the  fossa  navicularis. 

■'^>v<frtheless,  bacteria  are  not  infrequently  found  in  the  urethra  of 

jj^^n  iitherwise  healthy,  notalily  the  dreptococcus  gigantetis  urelhriE. 

_ne  hladder  offers  great  resistance  to  nucrobic  invasion.    It  is  quite 

*'fiinjlt  to  infect  it  when  healthy.     This  is  no  longer  true,  however, 

''**n  it  is  the  seat  of  a  lesion  or  when  some  obstacle  opposes  the 

^^^  discharge  of  the  urine.      IJpoii  a  soil  thus  prepared  the  most 

*^**ie«l  pathogenic  agents  lievelop  abundantly,  inducing  suppuration 

.  •     the  bladder,  ureters,  pelvis,  and  kidneys.     They  may  even  go 

^**tiher  and  Ei%e  rise  to  perinephritic  phlegmons. 

The  gonococcus,  which  is  to-day  held  to  |)ossess  greater  migratory 

***^M*ere  than  was  formerly  believed,  represents  in  women  an  impor- 

7^*1 1  cause  of  salpingitis.    According  to  the  researches  of  E.  Reymond, 

*  v-egetates  upon  the  surface  of  the  mucous  membrane  in  the  desqua- 

***sxted  epithelial  cells  and  but  exceptionally  invades  the  walls  of  the 

*"  alJopian  tubes.     In  streptococcic  salpingitis,  on  the  contraiy,  the 

■*»Uprobe  strongly  tends  to  propagate  toward  the  peritoneum.  Finally, 

tl\e  salpinptes  due  to  the  colon  bacilhm  are  observed  in  those  cases 

'^>  wliich  adliesions  are  formed  between  the  intestine  and  the  Fallo- 
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pian  tubes.    Tliis  fact  leads  to  the  opinion  that  the  colon  bacillus 
is  derived  from  the  intestine. 

Suppurations  of  the  Nerve  Centres.  The  other  parts  of  the  organ- 
ism not  conmiunicating  with  the  exterior  cannot  be  attacked  by 
pyogenic  microbes,  except  as  a  result  of  traumatism,  which  allows 
them  to  penetrate  directly,  or  of  extension  of  a  neighboring  lesion, 
or  of  a  general  infection  ending  in  localizations.  The  relative  fre- 
quency c»f  the  microbic  species  found  imder  these  conditions  will  at 
times  dej^end  upon  the  situation  of  the  part  affected.  Abscesses  of 
the  cerebrum  and  cerebellum  being  in  most  cases  consecutive  to 
otitis,  the  microbes  found  are  those  concerned  in  suppurations  of  the 
middle  ear. 

Suppurations  of  the  Serous  Membranes.    Serous  membranes  are 
generally  invaded  by  contiguity,  as  a  result  of  a  piuulent  focus  devel- 
oping in  subjacent  organs.    Such,  however,  is  not  always  the  case- 
I/>calization  may  first  occur  in  the  nervous  system,  as  is  the  cas^ 
with  articulations.    Tlie  same  is  true  with  regard  to  the  meninge^' 
pleura,  and  peritoneum. 

In  the  pleurisy  of  children  the  pneumococcus  is  the  microbe  cois-^' 
monly  found.  The  streptococcus  is  comparatively  seldom  met  witl^ 
In  adults,  on  the  contrary,  the  streptococcus  is  more  frequentV- 
found  than  the  pneumococcu?.  Among  the  other  pyogenic  microl.^e^ 
we  may  cite  the  staphylococcus,  the  bacillus  of  Friedlaender,  th^ 
typhoid  bacillus,  and  the  colon  bacillus.  Tliese  findings  an^  nc^ 
merely  of  theoretical  interest.  It  is  known  that  recovery  from  puri^ 
lent  pleurisy  is  very  frequent  in  cases  in  which  the  pneumococcus  i- 
the  jnithogenic  agent.  The  differential  diagnosis  may  bo  at  leas^ 
suspected,  if  not  established,  by  shnply  taking  into  account  the? 
course  of  events  and  especially  the  characters  of  the  fluid.  In  the: 
majority  of  ca^^es  the  ])us  of  pneumococcic  pleurisies  is  thick,  \'iscous- 
and  greenish.  Tluit  of  streptococcic  pleurisies  contains  a  greateiT 
l)roportion  of  serum  and  gives  a  grayish  deposit.  Certainty  is,  or 
course,  to  be  reached  only  l:)y  bacteriological  research.  In  this  con— 
nection  it  may  be  stated  that  a  purulent  pleurisy,  the  fluid  of  which 
is  free  from  bacteria,  must  be  considered  tuberculous  in  nature 
(Fiaenkel). 

The  principal  cause  of  j)eritonitis  being  in  the  intestines,  it  is 
readily  conceived  that  peritonitis  due  to  the  colon  bacillus  must  \ye 
cjuite  freciuent.  The  intervention  of  the  colon  bacillus  also  accounts 
for  typhoidal  peritonites.     This  is  not  invariably  the  case,  however. 
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Traenkel  has  reported  a  case  in  which  the  exudate  of  a  peritonitis 
occurring  in  the  course  of  a  typhoid  fever  contained  no  other  microbes 
than  the  typhoid  bacillus.  WTien  infection  of  the  peritoneum  occurs 
through  the  genital  organs,  as  is  the  case  especially  in  women,  the 
gonococcus  is  sometimes  found,  but  more  frequently  the  strepto- 
coccus. 

In  most  cases  of  purulent  pericarditis  the  inflammation  depends 
upon  a  general  infection,  but  it  may  occur  independently  or  accom- 
pany other  purulent  lesions  affecting  the  viscera  or  serous  mem- 
branes. That  is  to  say,  j)urulent  pericarditis  is  seldom  primary.    It 
represents  the  localization  of  an  infection  the  starting  point  of  which 
escaped  observation.    Suppurative  pericarditis  sometimes  occurs  as 
a  result  of  affection  of  the  respiratory  apparatus — i.  e.,  pneiunonia, 
bronchopneumonia,  even  dilatation  of  the  bronchi,  and,  in  these 
instances,  it  is  due  to  the  pneiunococcus.    It  is  sometimes  consecu- 
tive to  an  eruptive  fever:  measles,  varicella,  and,  above  all,  scarla- 
tina and  smallpox.    It  is,  however,  a  complication  of  far  rarer  occur- 
rence than  was  formerly  believed.    My  own  statistics,  including  5334 
cssesof  eruptive  fevers,  show  but  two  cases  of  purulent  pericarditis. 
The  pneumococcus  and  streptococcus  are  the  two  microbes  most 
frequently  concerned  in  purulent  meningitis.     ^Vmong  the  bacteria 
^^  uncommon  occurrence  we  may  cite  the  staphylococcus  aureus,  the 
^phoid  and  colon  bacilli,  and  the  bacillus  of  influenza.    We  do  not 
delude  the  meningites  of  specific  nature,  caused  by  Koch's  bacillus, 
^'^^  the  epidemic  cerebrospinal  meningitis  which  depends  upon  a 
Pellicular  microbe — the  meningococcus  of  Weichselbaum  (diplococ- 
^Usintracellularis),  formerly  confounded  with  the  pneumococcus. 
ileningitis  is  not  frequent  in  eruptive  fevers.    I  have  met  with 
^t  one  case.    An  otitis,  developing  in  a  man  convalescing  from 
^^^asles,  became  the  starting  point  of  a  purulent  infection.    Nunicr- 
^  suppurative  foci  appeared  in  the  joints,  and  at  the  necroj)sy 
^*^«  meninges  were  foimd  full  of  pus.    This  lesion,  in  spite  of  its 
^^tensity,  had  remained  absolutely  latent.    The  patient  had  retained 
^^Qsciousness  to  the  last,  and  never  complained  of  any  suffering  in 
^^  head.    The  absence  of  morbid  manifestations  is  probably  to  be 
^^tributed  to  the  absence  of  dropsy  of  the  ventricles.    The  author 
^ould  like  to  remark  that,  at  all  events,  suppurative  meningites, 
^^'6n  when   extensive,  occur  in  a  latent   manner  oftener  than  is 
l^lieved.    They  are  expressed  by  no  symptoms  whatever. 
If  we  consider  the  ensemble  of  the  results  to  which  the  study  of 
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suppuration  leads  us,  we  perceive  that  pus  originates  whei 
leucoc}i:es  fail  in  their  task  of  destruction  of  the  invading  micr 
Numbers  of  cells  are  killed  by  inicrobic  secretions.  Their  cad 
constitute  the  pyocytes — useless  cells,  true  foreign  bodies — \ 
must  be  eliminated.  If  these  are  not  very  numerous,  the  m 
phages  remove  them.  In  most  cases,  discharge  occurs  outw 
and  suppuration  becomes  established.  Suppuration,  then,  i 
establishment  of  an  exit  for  the  microbes,  toxins,  and  destroyed 
Suppuration  is  a  common  process  to  which  a  great  number  of 
sites  may  give  rise.  But  all  of  them  act  in  the  same  way.  vii 
secreting  necrotizing  substances.  Suppuration  is  reaction  a| 
toxins.  In  order  for  this  reaction  to  be  produced,  the  organism 
possess  a  certain  degree  of  resisting  power.  If  it  is  incapal: 
reacting,  two  events  are  possible:  first,  reaction  being  insuif 
or  nil  J  the  pyogenic  micro-organisms  invade  the  whole  organism; 
cease  to  produce  pus,  and  give  rise  to  septicemia.  Second,  the  e 
tizing  action  of  the  toxins  is  so  strong  that  the  tissue  cells  un< 
fermentations  analogous  to  those  which  characterize  putrefa< 
We  then  find  ourselves  confronted  by  a  new  process — anothei 
mination  of  inflammation — related  to  suppuration  by  numc 
transitions.  It  is  this  process  that  we  are  now  about  to  si 
namely,  gangrene. 
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GANGRENE. 

Definition  of  Gangrene.  Caiiaes  Favoring  the  Development  of  Gangrene.  Importance 
of  Viscolar  and  Nervous  Lesions.  Auxiliary  R61e  of  Certain  Toxic  Substances. 
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of  Facultative  Anaerobics.  The  Agents  of  Gangrenous  Manunitis.  The  Microbe 
of  Benign  Gangrene  of  the  E3relids.  R61e  of  Pyogenic  Microbes.  Relationship 
between  Suppuration  and  Gangrene.  Gangrene  in  Different  Parts  of  the  Organ- 
um.  Chemical  Anal3rsi8  of  Gangrenous  Products. 

Gangrene  is  a  morbid  process  essentially  characterized  by  the 
Diortification  and  putrefaction  of  tissues. 

There  can  never  be  putrefaction  without  microbes.     Gangrene, 
then,  is  always  of  microbic  origin,  and  should  be  distinguished  from 
^^ptic  mortifications  which  are  designated  as  necrobioses.     The 
^''tinetion  is  not,  however,  as  sharp  as  may  appear  at  first  sight, 
'^^re  are  microbic  gangrenes  in  which  mortification  is  the  predom- 
^ant  phenomenon,  attended  by  little,  if  any,  putrefaction.    These 
^'^  cases  of  dry  gangrene  closely  related  to  simple  necrobioses.    In 
^  great  number  of  cases  experimental  and  bacteriological  investiga- 
tions have  not  been  sufficiently  complete  to  determine  whether  the 
process  Is  due  to  an  infection  or  merely  to  cellular  disturbance.    In 
^^ses  of  toxic  gangrene,  Uke  ergotism,  or  trophic  gangrene,  like  ulcer- 
^ting  dermosynovitis,  it  is  not  known  whether  the  process  is  due 
dimply  to  ix)isons  or  nervous  lesions  or  to  a  superadded  infection 
^X^curring  in  tissues  no  longer  capable  of  resisting  microbic  invasions. 
^^e  latter  view  seems  to  me  more  rational,  but  it  is  not  accepted 
*^y  all,  and  must  be  held  subject  to  modification. 

Gangrenes,  properly  so  called — i,  e.,  those  of  microbic  origin — 
^^niiot  develop  except  in  parts  which  are  in  direct  or  indirect  com- 
^^^^inieation  with  the  exterior.  They  are  observed  in  the  skin, 
**^^cous  membranes,  and  the  respiratory  apparatus.  Tissue?  or 
*^f?ans  not  in  contact  with  the  air  (abdominal  viscera,  nerve  centres) 
^^not  be  the  seat  of  gangrene  unless  a  primary  focus,  whence 
^ucrobes  may  penetrate  the  organism,  exists.  Suppose,  for  instance, 
^'^at  the  artery  of  a  limb  is  obliterated,  gangrene  niay  appear  in  the 
parts  deprived  of  circulation.    Such  is  the  case  in  senile  gangrene. 
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If,  however,  the  obstruction  occurs  in  a  cerebral  artery^  necrohians 
or  softening,  but  no  gangrene,  results. 

Tliere  is  no  specific  microbe  of  gangrene.  The  process  is  a  com- 
monplace one,  and  what  we  said  with  regard  to  suppiu'ation  can  also 
be  applied  to  it.  As  in  that  case,  pathogenic  agents  may  be  divided 
into  two  groups.  Some  of  them,  when  in  contact  with  healtiy 
tissues,  possess  the  power  to  engender  the  two  stages  of  gangrene— 
the  mortification  of  living  elements  and  their  putrefaction.  Othexs 
act  only  upon  altered,  partly  mortified  tissues.  In  the  latter  instance 
pyogenic  microl^es  are  found  in  the  morbid  focus,  and  they  act  upon 
the  diseased  organism  as  they  do  upon  lifeless  matter.  No  doubt, 
the  division  is  not  absolute.  The  development  of  even  the  most 
virulent  microbes  is  materially  facilitated  by  a  great  number  of 
accessory  causes,  such  as  mortification  and  chemical  alterations  of 
tissues  and  the  association  of  different  microbes.  These  conditions 
are  not  indispensable,  however,  and  occupy  a  secondary  place. 
Their  intervention  is  of  prime  importance  when  the  invading  micro- 
organisms are  of  the  kind  which  become  capable  of  giving  rise  to 
gangrene  only  on  favorable  occasions. 

Among  the  latter  are  the  pyogenic  microbes.    This  is  not  sur- 
prising, since  we  have  shown  that  in  all  suppurations  two  successive 
acts  are  to  be  distinguished:  namely,  the  necrosis  of  the  invaded      | 
tissue  and  the  reaction  of  the  organism,  resulting  in  the  production 
of  cells  which  make  up  the  purulent  exudate.    For  the  production 
of  the  second  phenomenon  a  certain  degree  of  reactionary  ix)wer  is 
required.    If  the  tissue  is  altered  or  the  organism  profoundly  debili- 
tated, the  necrotic  process  prevails,  and  gangrene  develops.    In 
nearly  all  instances,  however,  the  organism  makes  some  reactionary 
effort  to  eliminate  the  dead  elements,  and  suppuration  appears  sec- 
ondarily around  the  slough.    This  result  is  observed,  even  when  the 
process  is  due  to  the  specific  agents  of  gangrene,  provided  they  are 
attenuated.    The  septic  vibrio,  which  is  the  type  of  this  kind  of 
microbes,  produces  gangrene  when  very  active  or  when  inoculated 
into  susceptible  animals,  iDut  recedes  to  the  rank  of  a  pyogenic  when 
it  is  attenuated  or  when  the  animals  possess  a  higher  degree  of 
resistance.    In  brief,  the  pyogenic  microbes  when  exalted  become 
necrogenic ;  the  necrogenic  microbes  when  'attenuated  become  pyo- 
genic. 

As  we  have  already  noted,  two  stages  are  observed  in  gangrene: 
namely,  necrosis  and  putrefaction.    This  has  led  some  authorities  to 
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compare  or  even  identify  gangrene  with  the  process  of  putrefaction 
occurring  in  the  cadaver.  Tlie  analogy  should  not  be  overempha- 
siied.  A  dead  tissue  abandoned  to  putrefaction  does  not  present 
the  same  as|>ect  as  a  gangrenous  part,  and  yet  the  microbes  developed 
may  be  identical  in  both  cases,  and  chemical  analysis  may  reveal 
similar  trausfonnations  in  both  tissues.  The  difference  lies  in  the 
fact  that,  in  the  production  of  gangrene,  a  part  is  played  by  the 
living  element — i.  e.,  the  reactionary  process.  No  one,  however,  has. 
8s  yet  attempted  to  demonstrate  the  differences.  All  we  can  do^ 
ihercfore,  is  to  offer  a  few  reflections  intended  to  show  how,  in  our 
opinion,  the  experiments  should  be  pursued  in  this  connection. 

One  difference  between  putrefaction  and  gangrene  must  depend 
upon  arrest  or  persistence  of  the  circulation,  viz.,  influx  of  blood 
^nmi.  IjTtiph,  leucocytes,  and  coloring  matters  of  the  blood.  The 
letter,  by  being  decomposed,  must  contribute  to  the  color  of  gan- 
ppnous  tissue.  These  various  conditions,  however,  do  not  suffice  to 
explain  all  phenomena:  Firstly,  because  the  circulation  is  at  times 

• 

^ternipted,  as  in  the  case  of  dry  gangrene,  and  yet  the  process 
'^^aias  its  special  character.    Secondly,  when  we  cause  putrefaction 
^  a  tissue  immerst»d  in  blood  we  render  the  process  more  intense, 
"Ut  we  do  not  produce  gangrene.    We  are  thus  led  to  the  conclusion 
that  gangrene  is  dependent  upon  the  action  of  putrefactive  process 
upon  li\ing  cells — i.  6.,  upon  cells  capable  of  responsive  action — and 
ttat  the  peculiar  appearance  of  the  gangrenous  i)arts  is  due  solely  to 
this  cellular  reaction.    In  other  words,  cadaveric  putrefaction  is 
characterized  by  the  development  of  saprophytes  which  act  upon 
<lead  niatter,  \dz.,  matter  incapable  of  reaction.    On  the  other  hand, 
jMgrene  is  characterized  by  the  development  of  microbes  which 
attack  healthy,  sometimes  profoundly  altered  cells,  but  cells  which 
have  not  passed  into  a  state  of  ^^ital  indifference.    Our  definition 
mast,  therefore,  be  somewhat  modified,  and,  in  order  to  sharply 
flistinguish  gangrene  from  cadaveric  putrefaction,  we  may  state  that 
gangrene  is  essentially  characterized  by  putrefaction  of  healthy  or  dis- 
eased but  still  living  cells. 

Oanses  Favoring  the  Development  of  Gangrene. 

Even  when  gangrene  seems  to  be  primary  it  develops  only  in  deep 
wounds  which  contain,  in  addition  to  the  principal  agent,  a  multitude 
of  pyogenic  or  saprogenic  bacteria  wdthout  the  assistance  of  which 
the  process  would  not  have  occurred. 
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In  other  cases  gangrene  appears  as  a  secondary  manifestatio 
either  in  the  course  of  an  infection  or  in  a  subject  suffering  boi 
some  non-inicrobic  disease.  It  generally  develops  in  organisDP 
debilitated  by  cachexia,  fatigue,  or  starvation. 

Gangrene  at  times  first  occurs  at  a  point  of  the  economy  whic 
was  spared  by  the  initial  affection.  When  it  develops  in  a  localit 
that  is  already  the  seat  of  a  previous  lesion  it  represents  a  lo« 
epiphenomenon  superadded  to  the  pre-existing  alteration.  This  i 
observed  in  variola,  varicella,  even  vaccinia,  as  well  as  in  variou 
cutaneous  affections,  such  as  purpura,  erythema  nodosum,  an 
pemphigus.  This  is  what  is  also  observed  in  mucous  membranes  an 
in  the  viscera.  A  great  niunber  of  necrotic  laryngites  and  entente 
and  various  forms  of  pulmonary  gangrene  belong  in  this  group.  Tb 
gangrenous  process  sets  in  and  is  assisted  by  a  previous  lesion. 

When  gangrene  appears  as  a  primary  lesion  its  development  i 
facilitated  by  all  causes  which  profoundly  disturb  the  nutrition  c 
tissues,  either  directly  (contusions,  action  of  physical  or  chemicj 
agents)  or  indirectly.  In  the  latter  instance  the  influences  favorin 
the  development  of  gangrene  arise  from  vascular,  nervous,  or  humori 
alterations — compression  and  obliteration  of  vessels,  arterites,  an 
edemas.  Synmietrical  gangrene  of  the  extremities  is  a  good  illiK 
tration  of  the  role  of  nervous  alterations. 

The  foll()\\ing  is  a  classification  of  the  pathogenic  conditions  c 
gangrene  which,  although  artificial,  is  fairly  applicable  to  the  majorit 
of  causes: 


Indirect  alteration  of 
tissues  by  . 


Hin^ot    alteration    of 
tissues  bv   . 


Circulatory  disturbances 


Nervous  disturbances 


Conditions  Predisposing  to  Gangrene. 

Mechanical  agents. 
Physioal  agents. 
Chemical  agents. 
Animate  agents. 

Edemas. 

Vascular  compression  and  obU^^ 

tion. 
Arteritis. 
.  Arteriosclerosis, 
r  Central  alterations. 
■j  Neuritis. 
vRa>Tiaud's  disease. 

(Humoral   and   diathetic   aflfe^?* 
( Bright 's  disease,  diabetes,  ^ 
^_. ^ , .     Autointoxications. 

Exogenic  intoxications. 
^Infections. 

It  is  well  to  remark,  however,  that  in  reality  the  events  are  n^' 
complex  and  that  in  a  given  case  several  pathogenic  factors  usu^ 
intervene.  Let  us  take,  for  example,  the  phenomena  occurring 
cases  of  infection.  The  predisposing  cause  of  the  gangrene  is  repi 
sented  by  intoxication  of  the  organism  due  to  the  secretions 
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pathogenic  microbes,  by  alterations  occurring  secondarily  in  the 
\Tscera  and  by  disturbances  of  cellular  metabolism.  As  a  rule, 
however,  intoxication  alone  is  not  sufficient.  Account  must  be  taken 
of  the  local  lesions  secondarily  caused  by  microbes  in  the  skin  or 
viscera—in  the  lung,  for  instance — as  well  as  of  alterations  mani- 
fested in  the  arteries,  capillaries,  and  nerves.  Moreover,  we  must 
not  overlook  the  fact  that  fever  diminishes  the  secretions,  notably 
those  of  the  mouth,  and  that  if  the  patient  is  not  properly  taken 
care  of  the  fecal  matters  and  the  urine  soil  the  orifices  and  create 
foci  of  putrefaction  which  deal  the  last  blow  to  the  failing  resistance 
of  the  organism.  Hence,  with  the  progress  of  hygiene  and  antisepsis, 
secondary  gangrenes  are  of  far  less  frequent  occurrence. 

WTiat  has  been  stated  with  reference  to  infections  may  be  repeated 
in  regard  to  each  of  the  pathogenic  processes  above  admitted.  In 
even*  instance  the  mechanism  is  complex.  We  shall  endeavor  to 
briefly  study  each  predisposing  cause  independently. 

Bole  of  Mechanical  and  Physical  Agents.  The  importance  of 
^umatic  mortifications  caused  by  mechanical  agents  has  been 
demonstrated  by  numerous  contributions  of  great  interest.  In  this 
connection,  Dr.  Arloing's  remarkable  study  of  his  bacillus  hemine- 
^^^philus  is  worthy  of  consideration.  This  microbe  is  incapable 
of  producing  gangrenous  putrefaction  in  healthy  tissues,  but  easily 
evades  tissues  altered  by  traumatism.  The  same  is  true  as  regards 
the  other  agents  of  gangrene.  Even  the  bacillus  of  gaseous  gangrene, 
tf  freed  from  toxin  and  introduced  in  small  amount,  gives  rise  to  no 
l^ion.  I^esioas  are  produced,  however,  when  it  is  depositfid  in  a 
Muscle  that  has  been  subjected  to  violent  contusion. 

Analogous  results  occur  when  physical  agents  are  permitted  to  act 
^Pon  tissues.  Intense  cold  or  excessive  heat  produces  a  series  of 
^Uular  mortificatioas.  Small  aseptic  eschars  may  result,  and  in 
^nnection  with  these  the  germs  of  gangrene  may  develop  and  give 
^  to  characteristic  alterations  in  the  tissues,  as  a  conse(|uence  of 
^^rotic  lesions  or  the  formation  of  phlyctenular. 

Physical  agents,  however,  do  not  always  act  at  the  point  of  appli- 
^^ion.  A  considerable  number  of  observations  tend  to  demonstrate 
^*^t  exposure  to  sudden  and  intense  cold  may  induce  pulmonary 
9%ene.  In  this  instance  the  action  of  cold  is  probably  indirect. 
It  is  characterized  by  a  spasm  of  the  pulmonary  vessels  which,  caus- 
^  anemia  in  the  tissues,  renders  them  more  vulnerable,  and  thus 
f*vors  the- development  of  necrosing  agents. 
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Bole  of  Chemical  Agents.    As  is  known,  chemical  agents  are 
divided  into  caustics  and  toxics. 

Caustics  diminish  the  resistance  of  the  tissues  and  may  even  pro- 
duce necrosis  Uable  to  gangrenous  putrefaction.  This  result,  hovr- 
ever,  is  rarely  realized,  and  the  action  of  caustics  from  the  point  of 
view  now  occupying  us  is  far  less  important  than  that  of  toxics. 

Those  toxic  substances  which  produce  gangrene  at  the  point  of 
their  introduction  are  very  much  like  caustics.  Venoms  belong  to 
this  group.  The  bites  of  snakes,  of  certain  fish,  the  sting  of  insects 
and  scorpions  may  be  followed  by  gangrenous  phlegmons.  Careful 
researches,  however,  tend  to  demonstrate  that  the  necrosis  is  due 
rather  to  the  microbes  contained  in  the  venom  than  to  the  venom 
itself.  The  venom  is  to  be  credited  only  with  the  production  of 
cellular  disturbances  which  faciUtate  the  development  of  the  microbic 
agents.  The  situation  is  the  same  as  the  one  resulting  from  the 
infiltrations  of  bile  or  urine,  except  that  the  action  of  the  venom  is 
more  intense.  In  fact,  the  bile,  when  injected  beneath  the  skin  of 
a  deUcate  region — for  instance,  the  ear  of  a  rabbit — ^produces  a 
necrosis  ending  in  the  loss  of  a  part  of  the  organ. 

The  urine  seems  to  be  less  harmful.    Its  action  is  due  chiefly  to 
the  distention  of  the  tissues  injected,  which  become  thereby  good 
culture  media  for  microbes.    The  conditions  are  the  same  as  in  the 
experiment  of  Prof.  Bouchard,  who  injected  non-sterilized  aUmenta^ 
substances  beneath  the  skin  of  rabbits.    The  animals  rapidly  di^ 
\\\i\\  gangrenous  lesions  infiltrated  with  gases.    The  subcutaneo"^ 
fluid  swarmed  \\dth  bacteria,  but  inoculation  of  the  latter  io^^ 
healthy  animals  produced  no  disturbances — the  parasites  were  inc^P" 
able  of  overcoming  the  resistance  of  a  normal  tissue. 

Role  of  Circulatory  Disorders.    Any  cause  that  diminishes  -t^^* 
nutrition  of  cells  predisposes  to  gangrene.    Samuel,  experiment:*^  ''^ 


upon  rabbits,  produced  anemia  in  the  ear  by  ligating  the  carotid  m^^ 
posterior  auricular  arteries.     He  then  produced  an  intense  infla^:^^ 
mation  in  both  ears  either  by  immersing  them  in  hot  water  or 
rubbing  them  with  croton  oil.    The  healthy  side  rapidly  returned 
a  normal  state,  the  anemic  side  became  the  seat  of  gangrene, 
writer  has  noticed  that  the  results  are  the  same  when  inflammati^^^ 
is  induced  by  means  of  the  staphylococcus.    Under  these  circufJ^ 
stances  the  anemic  part  presents  lesions  with  gangrenous  tendencie^-^ 
Similar  facts  are  often  noted  in  cUnical  observation.    Senile  gan- 
grene, which  invades  a  limb  in  which  the  artery  is  obUterated,  and 
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sphacelus  consecutive  to  acute  arteritis,  are  well-known  illustrations. 
^"611008  obliterations  may  likewise  favor  the  development  of  gan- 
grene, but  less  frequently,  since  circulation  is  easily  re-established 
[     by  collaterals. 

Edemas,  no  niatter  how  caused,  similarly  dispose  the  parts  to 
gangrene  by  distending  the  tissues  and  thus  disturbing  nutritive 
exchanges. 

Bole  of  the  Nervous  System.  The  influence  of  the  nervous  system 
in  the  pathogenesis  of  gangrene  is  beyond  question.  It  will  suffice 
to  recall  the  eschars  which  at  times  appear  so  rapidly  in  consequence 
of  some  cerebral  or  spinal  lesion  and  the  cases  of  extensive  gangrene 
following  neurites,  reported  by  Pitres  and  Vaillard.  We  may  add 
RajTiaud's  disease.  The  vascular  disorders  characterizing  this  affec- 
tion explain  the  pathogenesis  of  those  small  eschars  appearing  espe- 
cially in  the  fingers  and  toes — i.  c,  at  points  where  multitudes  of 
Mprophytes  swarm,  some  of  which  may  acquire  pathogenic  power. 
The  influence  of  nervous  disturbances  upon  the  development  of  gan- 
grene is  also  evidenced  by  the  experiments  pursued  by  us  with  the 
streptococcus  of  erysipelas.  Section  of  sensory  nerves  augments  the 
Intensity  and  duration  of  the  lesions  and  favors  the  development  of 
puigrenous  patches. 

Kole  of  Intoxications.    The  diseases  that  disturb  the  chemical 

destitution  of   the  organism,  especially  those  inducing  autoin- 

^xication,  induce  gangrene  by  a  highly  complex  mechanism,  for, 

^^n  they  last  for  a  certain  length  of  time  they  give  rise  to  visceral 

*^ons  and  arterial  and  nervous  alterations  which  contribute  to  the 

^^^velopment  of  sphacelus.    Thus,  in  Bright's  disease  it  is  almost 

^^ipossible  to  determine  the  respective  parts  played  by  the  various 

■^^ons  and  by  the  blood  alterations.    The  difficulty  is  equally  as 

5^at  in  diabetes.    The  arterial  lesions,  the  nervous  alterations,  and 

■'t^e  dyscrasic  modifications  are  alike  responsible  for  the  gangrenous 

^^■ocess.    We  have  already  recalled,  in  connection  with  suppuration, 

"■*>e  experiments  of  Bujwid  and  of  Nicolas  which  demonstrate  that 

^•kie  staphylococcus  aureus  produces  gangrene  when  it  is  inoculated 

^^to  a  rabbit  rendered  glycosuric  by  intravenous  injection  of  grape- 

The  problem  is  still  more  complex  when  we  consider  exogenic 
^toxications.  The  rdle  of  arterial  spasm  has  been  admitted  by  some 
^thorities  to  accoimt  for  gangrenes  produced  by  ergot.  The  experi- 
^nts  of  Robert  have  demonstrated  that  this  action  is  due  to  a 
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special  acid,  sphacelic  acid.  Is  it  to  be  assumed  that  a  spasm  rendere 
the  part  anemic,  and  thus  enables  the  microbes  to  develop?  This 
explication  cannot  be  admitted  without  reserve,  since  the  experi- 
ments of  Holmes  and  of  Wernich  tend  to  demonstrate  that  ergot  does 
not  produce  atetanic  state  in  the  small  arteries,  for  tension  is  lessened. 

Principal  Agents  of  Gangrene. 

Bacteriology  of  Gaseous  Gangrene.  The  type  of  microbes  capable 
of  giving  rise  to  primary  gangrene  is  represented  by  the  bacillm  of 
gaseous  gangrene,  also  called  vibrion  septique  (Pasteur),  bacillus  of 
gangrenous  septicemia,  bacillus  septicus  gangreruE  (Arloing),  hadhx 
of  malignant  edema,  bacillus  oedemaiis  maligni  (Fliigge). 

As  is  known,  the  microbe  in  question  is  an  anaerobic  bacillus, 
generally  occurring  in  the  form  of  motile  rods,  measuring  on  an  average 
3/4  in  length  and  1/i  in  breadth.  It  occurs  singly  or  in  groups  of 
two  or  three,  at  times  forming  short  chains.  In  cultures  these 
baciUi  are,  as  a  rule,  solitary  and,  at  the  end  of  a  certain  length  of 
time,  form  undulating  filaments  sometimes  assuming  a  spiral  forcft- 
The  filamentous  forms  are  observed  in  animals,  notably  in  the  blood 
where  they  reach  a  length  of  20/^  and  even  40/e.  They  are  ea^V 
stained,  but  are  decolorized  by  Gram's  method. 

The  bacillus  of  gaseoas  gangrene  is  strictly  anaerobic  and  develo] 
in  various  media,  provided  air  is  excluded  from  it.  The  cultures  gr^ 
at  68  F.  (20  C),  but  are  more  luxuriant  at  98.6  F.  (37  C).  Tl 
bacillus  is  pathogenic  for  man,  the  horse,  sheep,  pig,  and  guinea-p' 
The  rabbit  is  a  little  more  resistant.    The  dog  is  rather  susceptibU 

The  symj^tonis  produced  in  man  have  been  described  under  t: 
names  malignant  edema  (PirougofT,  Koch),  acute  purulent  edei^ 
(Pirougoff),  swift  gangrene  (gangrene  foudroyante,  Maisonneu"* 
Salleron),  invading  traumatic  gangrene  (Bottini),  gangrenous  s^ 
ticeniia  (Chauveau,  Arloing). 

The  designation  gaseous  gangrene,  proposed  by  Poncet,  seems 
us  by  far  the  most  preferable.     It  has  the  advantage  of  expressS 
the  two  main  manifestations  of  the  morbid  process. 

Being  anaerobic,  this  bacillus  cannot  vegetate  in  superficial  woun 
exposed  to  the  air.  It  invades  only  deep,  contused  woimds  conta.^ 
inated  with  dust.  It  rapidly  develops  in  mortified  tissue,  gi\ing  ri 
to  patches  of  si)hacelus  and  an  exudation  which  exhales  a  fetid  ode 
and  is  filled  \\ith  corrupt  gases.    At  times  the  lesion  spreads  witl 
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extraordinary  rapidity  and  causes  death  within  a  few  days,  with 
the  ^peM-ance  of  general  manifestations  which  clearly  indicate  the 
jffofound  intoxication  of  the  organism,  and  are  expressed  by  rapid 
prostration,  dyspnea,  and,  at  the  end,  a  fall  of  temperature. 

Animals  are  liable  to  gaseous  gangrene  as  well  as  man.  A  certain 
number  of  cases  have  been  reported  occurring  in  the  horse,  cow,  and 
rabbit,  after  traumatism  or  parturition.  Among  laboratory  animals 
the  guinea-pig  is  the  most  sensitive. 

The  results  of  numerous  experiments  demonstrate  that  the  bacillus 
of  gaseous  gangrene  acts  the  same  as  the  saprophytes  of  putrefaction. 
The  value  of  the  author's  classification  is  thereby  diminished,  since 
this  microbe  is  not  of  itself  capable  of  overcoming  the  resistance  of 
the  oi^anism,  although  it  is  true  that  the  same  remark  holds  good 
^th  regard  to  almost  all  pathogenic  agents. 
Ae  Various  Agents  of  Oaseous  Gangrene.  Along  with  the  bacil- 
tas  of  gaseous  gangrene  are  to  be  classed  a  scries  of  microbes  which 
^  more  or  less  similar  to  it  in  their  biological  or  pathogenic 
characters. 

One  of  them  is  the  bacillus  of  symptomatic  anthrax,^  which  has 

^detimes  been  considered  a  particular  species,  sometimes  a  variety 

^f  Pasteur's  bacillus.    It  differs  from  it  by  its  pathogenic  properties. 

ft  attacks  mostly  cattle  and  sheep.    The  ass,  horse,  and  white  rat 

P'^nt  only  local  S3rmptoms.    The  dog,  cat,  pig,  rabbit,  chicken, 

Pigeon,  and  duck  are  refractory,  while  the  guinea-pig  is  as  seiLsitive 

*^  it  as  it  is  to  gaseous  gangrene.    No  case  of  transmission  of  the 

^^isease  to  man  has  thus  far  been  reported. 

Natural  inmiunity,  however,  is  no  more  absolute  in  this  than  in 

^t:lier  cases.    The  author*  has  demonstrated  that  it  is  possible  to 

^"ercome  the  resistance  of  the  rabbit  to  symptomatic  anthrax  by 

'veral  procedures :  namely,  by  simultaneous  injection  of  a  living  or 

^tr^riiized  culture  of  the  B.  prodigiosuSy  of   jrroteus  vulgaris,  or  of 

^^^ifhylacoccus  aureus — by  injection  of  soluble  substances  extracted 

*^«m  cultures  of  B.  prodigiosu^  by  means  of  glycerin  and  precipitated 

">'  alcohol — by  intravenous  injection  of  soluble  products  of  symp- 

^^Qiatic  anthrax,  and  by  inoculation  of  the  virus  into  the  anterior 

chamber  of  the  eye.    Finally,  as  in  the  case  of  septic  vibrio,  animals 

Arioing,  Comevin,  and  Thomas.    Recherches  exp^rimen tales  aur  la  maladic  infec- 
*^  appellee  charbon  symptomatique.    Revue  de  m^decine,  1880. 

Roger.    Omtribution  a  I'^tude  exp^rimentale  dii  charbon  symptomatique.    Revue 
^i&Mecine,  ICarch  and  June,  1891. 


234  INFECTIO  US  DISEASES. 

may  easily  be  vaccinated  against  symptomatic  anthrax  by  means  ( 
living  or  sterilized  cultm-es.  The  animals  thus  rendered  refractoi 
furnish  a  germicidal  and  therapeutic  senmi. 

Gaseous  gangrene  may  also  be  produced  by  other  microbes,  sue 
as  the  pseudo-cedem  bddllus  of  Liborius  (B,  pseudosepticus,  Mac^ 
the  B.  phlegmones  emphysematosce  (Fraenkel),  or  B.  perfringei 
(Veillon  and  Zuber),  which  is  an  anaerobic;  B.  cedemaiis  aerdbia 
of  Klein,  the  B.  pseudo-oedemcUis  malignoe  of  San  FeUce,  and  tl 
aerobic  septic  bacillus  recently  described  by  Ijegros  and  Lec^ne. 

Necrosing  Role  of  Pyogenic  Bilicrobes.  Of  the  micro-organisD 
above  described,  several  which  produce  gaseous  gangrene  in  certa 
animals  are  simply  pyogenic  for  more  resistant  species.  Redpr 
cally,  common  pyogenic  germs  are  capable,  under  certain  circui 
stances,  of  creating  gangrenous  lesions. 

The  streptococcus  is  the  leader  of  those  pyogenic  germs  vibii 
occasionally  become  capable  of  giving  rise  to  necrosis.  This  seei 
to  be  the  microbe  causing  the  experimental  disease  which  K(X 
produced  by  inoculating  putrid  substances  into  the  mouse  and  whi* 
he  designated  as  progressive  necrosis.  We  have  repeatedly  statu 
that  erysipelas  produced  in  the  rabbit's  ear  by  the  streptococcus  ro 
t^erminate  in  sphacelation.  On  the  other  hand,  injection  of  a  culti) 
of  streptococcus  into  the  peripheral  end  of  the  crural  artery  Id 
rabbit  is  at  times  followed  by  gangrene  of  the  limb.  We  must  a 
that,  under  these  conditions,  examination  of  the  mortified  pa 
shows  numerous  auxiliary  microbes,  but  these  occupy  the  no 
sui)erficial  parts  and  evidently  play  a  r61e  of  secondary  imp 
tance. 

Analogous  facts  are  observed  in  man.  Intense  erysipelas  of 
face  often  i)ro(luces  necrosis  of  the  eyelids.  The  same  is  a  poss 
event  with  regard  to  the  testicles.  Erysipelas  may  be  followed 
gangrene  of  the  ^^crotum.  In  a  case  of  complete  sphacelation  of 
scrotum  the  skin  was  gi'adually  detached  and  the  testicles  expoj 
This  was  then  followed  by  active  granulation,  and  the  legion 
completely  repaired. 

Another  pus  coccus,  the  staphylococcus  aureus,  may  also  prod 
gangrene.  This,  like  the  streptococcus,  is  a  facultative  anaero 
The  experiments  of  0.  Bujwid  establish  that  the  staphyloco< 
engenders  gangrene  in  animals  rendered  glycosuric.  Other  obsei 
tions  tend  to  show,  though  not  conclusively,  that  this  micro-orgau 
may  also  produce  gaseous  gangrene.    Lastly,  there  is  the  baci 
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proteus,  the  action  of  which  is  incontestable,  since  it  is  a  pyogenic 
microbe  endowed  with  a  high  degree  of  fermentative  power. 

Oangrene  in  Various  Parts  of  the  Organism. 

Cutaneous  Qsjxgrene.  The  majority  of  cutaneous  lesions  may  he 
complicated  by  gangrene.  Not  to  mention  anthrax  and  erysipelas, 
which  have  ah^ady  been  referred  to,  we  should  like  to  recall  the  pos- 
j  of  gangrene  in  connection  with  the  most  varied  and  at  times 
slightest  lesions,  such  as  impetigo,  variola,  vaccinia,  ecthyma, 
herpes,  zona,  purpura,  and  even  urticaria.  Sphacelation  is  favored 
by  all  debilitating  causes,  and  often  coincides  with  visceral  lesions, 
<liarrhea,  and  bronchopnemnonia.  In  other  instances  gangrene  of 
the  sacrum  is  observed  in  the  course  of  convalescence  from  a  grave 
disease.  A  cerebral  or  spinal  lesion  is  at  times  responsible  for  the 
pngrenous  process.  It  is  readily  conceivable  that,  under  these 
various  conditions,  the  pus  cocci  and  saproph)rtes — normal  residents 
of  the  skin — may  easily  develop  and,  by  their  association,  create 
gangrene. 

Oangrene  of  the  Limbs.  Instead  of  remaining  limited  to  the  skin, 
?angrene  may  invade  a  more  or  less  considerable  part  of  a  limb. 
This  is  notably  observed  in  the  course  of  acute  arterites  consecutive 
to  infectious  diseases.  The  lesion  is  due  to  the  obliteration  of  the 
^^^1  by  a  microbe — the  streptococcus  in  the  majority  of  instances. 
The  ischemia  resulting  therefrom  leaves  the  tissues  in  a  state  of 
^lute  impotence  against  the  toxins  secreted  by  the  pathogenic 
*8Pnt  and,  incidentally,  against  the  microbes  tending  to  penetrate 
the  skin. 

An  affection  which  we  have  endeavored  to  individualize  under  the 
^^e  benign  gangrene  of  the  eyelids^  is  related  to  gangrenous  lesions 
of  the  skin.  The  germ  concerned  in  the  lesion  was  a  large  micro- 
<J^^<^,  staining  by  Gram's  method,  and  developing  preferably  in 
^ated  media. 

8*ngrene  of  the  Mammary  Glands.  Although  the  word  gangrene 
"^^ately  suggests  the  idea  of  a  grave  process,  we  have  already 
^ferred  to  cases  in  which  the  evolution  is  favorable  and  even  be- 
^>  as  is  often  the  case  with  gangrene  of  the  eyelids  and  genital 
organs.    The  same  is  true  with  regard  to  gangrenous  mammitis. 

Investigations  in  comparative  pathology  have  shown  the  fre- 

*  Roger  and  Weil.    Gangrene  b^ni^e  dcs  paiipidres.    Presse  m^^dicalc,  1901 . 
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quency  of  gangrenous  mammitis  in  milk  yielding  females,  notabb 
among  bovidse.  In  a  great  number  of  cases  the  presence  of  stieptc 
cocci  of  peculiar  characters  has  been  reported.  Kitt,  Lucet,  m 
Guillebeau  have  described  other  pathogenic  agents.  No  researche 
having  been  pursued  as  to  the  human  species,  reference  must  be  mad 
to  a  case  which  the  author  studied  with  Dr.  Garnier.^  A  womao,  age^ 
seventeen  years,  had  been  confined  on  March  1, 1899.  The  child  ha< 
died  two  days  later,  without  any  definite  cause.  On  March  7ih  sh 
complained  of  malaise  and  pain  in  the  throat.  On  the  9th  a  typi« 
scarlatinal  eruption  appeared  upon  her  body  and  she  was  umt 
diately  sent  to  the  isolation  hospital  of  la  Porte  d'Aubervilliers. 

From  the  time  of  her  admission  the  state  of  her  left  mamm 
attracted  our  attention.  The  skin  of  the  region  presented  a  diffufi 
redness,  especially  marked  toward  the  internal  and  lower  part,  whei 
two  patches  of  ulceration  with  sphacelated  base  were  noted.  Tbei 
was  abundant  fetid  discharge.  Other  smaller  ulcers  develope 
around  the  areola.  The  gland  itself  was  swollen  and  very  pairfi 
on  palpation. 

Moist  dressings,  constantly  applied  to  the  diseased  region,  in  i 
way  modifying  the  condition,  the  odor  of  the  purulent  discharge  so 
became  plainly  gangrenous ;  the  lesion  itself  began  to  spread,  and  1 
ulcerations  assumed  a  dark  color.  We  then  prescribed  dressings  W 
peroxide  of  hydrogen.  Improvement  was  immediately  manifest, 
grayish  eschar  separated,  eliminating  the  mortified  glandular  tiss 
Three  weeks  after  the  beginning  of  the  disease  cicatrization  "% 
completed. 

The  pus  taken  from  the  wound  was  examined  and  cultured 
various  media.  Several  series  of  inoculations  with  the  pus  w^ere  mi 
into  rabbits  and  guinea-pigs,  for  which  it  proved  pathogenic;  1 
so,  however,  for  the  latter  than  the  former.  The  predominat: 
microbe  was  a  small  micrococcas  whose  clearlv  rounded  eleme: 
were  usually  solitary,  sometimes  associated  in  couplets,  and  exo 
tionally  forming  gi*oups  of  three.  They  were  free  among  the  ce 
and  none  were  found  inside  the  leucocytes.  In  addition  to  t 
microbe,  some  chains  of  streptococci  were  observed,  but  they  w 
comparatively  few  in  number. 

The  results  obtained  by  the  several  series  of  inoculations  w 
sufficiently  uniform  to  demonstrate  that  the  microbe  isolated  by 

*  Roger  and  Gamier.    Note  sur  un  cas  de  mamniite  gangreneuse.    La  presae  m<mi( 
July  22,  1899. 
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was  a  pathogenic  agent,  capable  of  giving  rise  to  grave  and  extensive 
suppurative  lesions.  The  development  of  the  gangrenous  mammitis 
may,  it  seems  to  us,  be  legitimately  attributed  to  this  microbe. 

The  micrococci  foimd  in  the  gangrenous  mammites  of  milk-yielding 
females  may  be  compared  to  the  one  isolated  by  us  in  the  human 
subject,  but  the  comparative  study  which  we  have  pursued  shows 
that  our  microbe  preserves  its  own  individuality.  Its  cultural  char- 
acters and  its  pathogenic  action  upon  laboratory  animals  do  not 
pennit  its  confusion  with  other  species  already  described. 

Oangrane  of  the  Month  and  its  Adnezs.    There  is  an  afifection 
of  the  mouth  which  may  be  looked  upon  as  a  superficial  and  benign 
gangrene.    We  refer  to  what  is  improperly  designated  as  ulcerative 
membranous  stomatitis.    In  reality,  the  so-called  false  membrane  is 
nothing  more  than  the  mortified  mucous  membrane.     Many  authori- 
ties have  studied  this  affection  with  the  view  of  detecting  a  specific 
niicrobe,  but  with  no  encouraging  results.     Pasteur  and  Netter 
obsened  the  presence  of  spirilla  in  the  patches.    Friihwald  noticed 
^he  same  elements  associated  with  cocci,  bacilli,  and  filaments  of 
'^ptothrix.    According  to  Gallipe,  the  probabilities  are  that  there  is 
^0  specific  microbe  and  that  the  disease  is  created  by  buccal  sapro- 
Pi}1es  which  have  become  exalted  by  various  causes — the  evolution 
^^a  wisdom  tooth,  for  instance.    However,  the  researches  of  Vincent, 
^y  pro\ing  that  chancriform  tonsillitis  is  due  to  the  combined  action 
^^the  spirilla  of  the  mouth  and  fusiform  bacilli,  give  a  certain  value 
^^  the  older  researches  of  Netter. 

The  true  gangrene  of  the  mouth — noma — is  one  of  the  affections 

'^''hich  has  become  rare,  owing  to  the  progress  of  antiseptic  practice. 

^  early  as  1878  Sanson  noticed  in  the  blood  the  presence  of  microbes, 

^ut  these  were  in  nowise  pathogenic.     Jordan  and    Morse  made 

^iniilar  observations.      During  an  epidemic  of  measles  raging  in 

*Iunich,  Ranke  had  the  opportunity  to  study  six  cases  of  noma. 

Microscopic  examination  revealed  numerous  microbes,  particularly 

^plococci  and  streptococci,  but  inoculation  into  the  rabbit  produced 

^o  result.     By  examimng  sections  of  tissues  preserved  in  alcohol, 

Rc^i  found  masses  of  rods,  staphylococci,  streptococci,  and  lepto- 

^rix.   The  results  were  analogous  in  a  case  studied  by  Babes,  who 

^licountered  leptothrix,  spirilla,  the  streptococcus  pyogenes,  the 

^Uphylococcus  aureus,  and  an  ovoid  bacillus.     In  a  more  recent 

^ntribution  Babes  announced  that  he  had  isolated  a  very  slender 

bacillus  whose  cultures  injected  into  the  cheek  of  a  rabbit  produced 
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a  gangrene  similar  to  noma.  This  highly  interesting  result  is  to  be 
classed  with  that  obtained  by  Schimmelbusch.*  In  the  case  reported 
by  the  latter  authority  there  were  found  at  the  centre  of  the  eschar 
a  multitude  of  various  microbes.  At  the  periphery,  however,  there 
were  none  but  slender  bacilU,  with  rounded  extremities,  occurring 
singly  or  in  couplets,  and  capable  of  growing  into  filaments.  Inocu- 
lation of  either  the  cultures  or  the  mortified  tissue  into  the  rabbit 
produced  only  abscesses.  In  two  chickens  patches  of  necrosis  devel- 
oped and  were  healed  in  three  weeks. 

Gangrenous  angina  is  not  always  connected  with  the  diphtheritic 
process.  It  may  be  primary.  Excluding  the  cases  of  superficial 
gangrene,  however,  which  are  related  rather  to  the  study  of  pseudo- 
membranous anginas,  true  gangrenous  anguia  is  a  rarity.  Out  of  a 
total  of  701  observations,  the  author  has  collected  but  three  cases. 

Gangrene  of  the  Respiratory  Apparatus.  Two  varieties  of  gan- 
grenous processes  may  be  distinguished.  One,  comparatively  benign 
and  often  curable,  in  which  the  superficial  lesion  remains  limited  to 
the  bronchi ;  the  other,  profound,  invading  the  parenchyma. 

In  cases  of  fetid  bronchitis  the  most  varied  microbes  have  been 
foimd.  Rosenst^in  met  with  the  oidium  albicans;  Canalis,  witt 
actinomycetes;  Leyden  and  Jaflf^,  with  the  leptothrix  pulmonalis 
Lancereau  observed  diplococci;  Marfan,  the  bacterium  termo,  an( 
Noica,  the  colon  bacillus.  One  of  the  best  studied  observations  i 
that  of  Lumnitzer.  He  found  four  staphylococci:  the  S.  albui 
citreus,  cereus  flavus,  and  cereus  albus;  one  diplococcus,  and  or 
bacillus.^ 

Pulmonary  gangrene  has  much  oftener  been  the  subject  of  ba 
teriological  researches.  As  early  as  1846  Virchow  noticed  in  tl 
gangrenous  fluids  the  presence  of  sarcina  resembling  those  foui 
in  the  stomach.  Fischer  collected  eighteen  observations  of  this  kin 
four  of  which  are  his  own. 

The  most  recent  contributions  show  that  the  most  varied  microb 
may  be  encountered  in  the  foci  of  pulmonary  gangrene.  Those  mc 
frequently  found  are  the  buccal  spirillum,  the  proteus  vulgaris,  t 
streptococcus,  the  staphylococcus  aureus^  tetragenus,  and  the  lepl 
thrix.     Moreover,  various  pathogenic  bacteria  may  be  met  wi 

*   ScliirnmclbiLsch.    Ein  Fall  von  Noma.    Deutsche  med.  Wochenschrift,  18S9,  No. 

2  Lumnitzer.  Adatok  a  rothaszto  horglob  koroktana  ^s  tiinettanahoz  (contribut 
to  the  etiology  and  symptomatology  of  putrid  bronchitis).  Or\'Osi  Hetilap,  1888  (Ai 
Central,  f.  Bakteriologie,  1888,  lid.  iii.  p.  621). 
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which  vary  from  one  case  to  another.  Guillemot/  who  has  reported 
the  results  of  his  studies  in  thirteen  cases  of  pulmonary  gangrene, 
atfributes  an  important  rdle  to  anaerobic  microbes  in  the  production 
of  the  process,  and  regards  them  even  indispensable.  It  is  true, 
however,  that  these  anaerobic  agents  are  not  highly  \'irulent.  They 
must  be  inoculated  in  large  doses  or  associated  with  other  species, 
notably  to  aerobics,  in  order  to  give  rise  to  morbid  phenomena. 

In  two  of  the  author's  cases,  one  observed  in  1885  the  other  in 
1895,  the  pulmonary  gangrene  seemed  to  have  been  produced  by 
saprophytes  developed  in  a  primary  focus  created  by  the  pneumo- 
coccus  or  streptococcus.  In  both  cases,  however,  these  cocci  had 
rapidly  lost  their  \'irulence  and  had  done  no  more  than  prepare  the 
soil  for  the  development  of  putrefactive  agents.  However  that  may 
be,  the  pyogenic  micro-organisms  seem  to  play  an  important  r61e. 
Issuing  from  a  purulent  focus,  they  have  been  known  to  be  arrested 
in  the  lung  and  there  form  the  starting  point  of  a  gangrenous  lesion. 
BoDome,  who  had  the  opportimity  to  examine  nine  cases  of  pulmon- 
tfj'  gangrene,  foimd  the  streptococcus  five  times,  the  staphylococcus 
tkree  times,  and  once  the  two  species  together. 

Babes  also  foimd  the  staphylococcus  aureus  in  a  case  of  pulmonary 
pngrene.  This  micro-organism  was  associated  with  a  bacillus  which 
produced  a  general  infection  and  which  the  author  described  under 
the  name  proteus  lithalis.  The  latter  appears  in  the  form  of  small 
^,  measuring  from  0.8/^  to  1.5//,  at  times  growing  as  filaments. 
It  is  a  motile,  facultatively  anaerobic  microbe.  Subcutaneous  inocu- 
lation gives  rise  to  considerable  edema  and  causes  death  in  suscep- 
tible animals — mouse  and  rabbit — in  two  or  three  days. 

In  a  case  of  pulmonary  gangrene  which  came  under  observation 
of  the  author  in  1900,  the  morbid  manifestations — cerebral  symp- 
toms, diflicult  and  slow  response  to  questions,  jerky  delivery — led 
Mm  to  think  of  some  cerebral  locaUzation  of  the  germs  which  had 
pnmarily  affected  the  intestines.  The  necropsy  did  not,  however,, 
reveal  any  appreciable  lesion  of  the  nerve  centres,  except  a  slight 
seroeanguinolent  edema  of  the  meninges.  Except  the  intestines,  the 
Nominal  organs  presented  nothing  special.  To  come  to  the  inter- 
^ting  point,  however,  on  continuing  the  necropsy,  the  right  inter- 
lobular fissure  was  foimd  closed  with  soft,  recent  adhesions.  In  the 
upper  part  of  the  lower  lobe  of  the  lung  was  discovered  a  large  pouch, 
the  walls  of  which  were  2  cm.  to  3  cm.  thick,  containing  about  100 

^  GuiUemot.    Recherche  sur  la  gangrtoe  puhnonaire.    Th^se  de  Paris,  1899. 
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grams  (over  3  ounces)  of  a  fluid  exhaling  a  fetid  odor, 
was  perfectly  closed.    The  cavity  was  crossed  by  a  brone 
no  opening  was  found — a  fact  which  accounts  for  the  absei 
pulmonary  symptoms. 

The  data  of  the  necropsy  disclose  the  succession  of  the  pat 
events.  In  order  of  date,  the  intestinal  incidents  were  the  1 
the  pulmonary  lesion  took  its  origin  in  the  lesion  in  the  ali 
eanal. 

The  microscopic  examination  of  the  fluid  showed  inni 
bacteria.  I  shall  confine  myself  to  mentioning  streptococ 
micrococci,  diplococci  resembling  those  of  pneimionia,  bacil 
ing  the  authrax  bacillus,  and  very  slender  bacilU  which  w( 
united  in  masses. 

The  various  observations  briefly  reported  above  show  that 
of  pulmonary  gangrene  contain,  as  a  rule,  pneumococci  or  ] 
germs  associated  with  saprophytes.  The  latter  may  act 
virulence,  as  is  proved  by  the  negative  results  at  times  obt 
inoculating  the  gangrenous  fluid  directly  into  animals  and  by 
ing  the  cultures,  or  else  they  become  exalted  and  pathogenic 
latter  instance  gangrene  is  inoculable  into  animals,  and  r 
mission  to  man  is  then  conceivable.  It  is  to  be  noted,  ho  we 
while  the  virulence  of  these  necrosing  agents  is  generally  v( 
getic,  their  development  cannot  occur  in  healthy  subjects.  ] 
vations  upon  the  contagion  of  pulmonary  gangrene,  the  conta 
incli\4(luals  had  already  been  sufi'ering  from  respiratory  ai 
Pulmonary  gangrene  is  almost  always  the  result  of  autoinft 

The  relative  frequency  of  the  various  causes  of  pulmon 
grene  clearly  appears  in  the  statistics  of  HenseV  according  ' 
the  most  frequent  causative  lesion  is  embolism,  represents 
cases.  Of  these  20  cases,  9  were  pyemic  emboli.  Then  fc 
other  causes:  pneumonia,  14  times;  tuberculosis,  11  times; 
mata  in  the  neighborhood  of  the  lungs,  10  times;  bronchie 
thnes;  cerebral  affections,  5  times;  traumatism,  3  times.  L 
three  other  instances,  the  lesions  discovered  were  a  perforata 
esophagus  and  an  abscess  of  the  mediastinum — a  focus  of  a< 
cosis — and  suppurations  of  puerperal  origin. 

Gangrenous  and  Fetid  Pleurisies.  Pleurisies,  the  exuc 
which  is  characterized  by  a  putrid  odor,  are  commonly  di\n 

>   Ilenscl.     Boitragp  zur  Casuistik  dos   Limgenbrandes.     Deutschos  Arcl 
Mcdicin,  Hd.  xli.  p.  185. 
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two  groups :  gangrenous  pleurisies  consecutive  to  sphacelation  of 
pulmonary  tissue,  and  fetid  or  putrid  pleurisies  {pleurisies  oz^rieuses 
of  Dieulafoy),  which  are  produced  in  the  absence  of  any  primary  focus 
in  the  subjacent  organ.  In  the  former  case  we  have  to  deal  with  a 
lesion  created  by  propagation  or  rather  contiguity.  The  pathogenic 
germs  have  reached  the  pleura  after  invading  the  lung  and  engen- 
dering a  more  or  less  extensive  gangrene  in  its  parenchyma.  In  the 
latter  instance,  the  microbes  may  possibly  have  penetrated  by  way 
ofthebronclii  and  the  lungs,  traversing  these  organs  without  altering 
them.  More  frequently  they  are  derived  from  another  region  of  the 
organism,  particularly  from  the  alimentary  canal.  Dieulafoy  has 
justly  laid  stress  upon  the  frequency  and  gravity  of  appendicular 
pleurisies. 

This  at  present  classical  distinction  seems  to  be  in  harmony  \vith 
the  etiology  and  pathological  anatomy  of  the  lesions.  From  the 
pathogenic  standpoint,  however,  the  division  referred  to  is  less  exact. 
^Tiatever  the  variety  under  observation  may  be,  the  same  microbes 
are  always  met  with — common  pyogenic  agents  associated  with 
saprophytes  or  numerous  aerobic  or  anaerobic  bacterial  species. 
Id  fact,  the  pneumococcus,  the  streptococcus,  the  staphylococcus, 
the  tetragenus,  the  colon  bacillus,  B.  proteus  vulgaris,  leptothrix, 
bacillus  of  gaseous  gangrene,  the  spirillum  of  the  saliva,  the  B. 
^mmSj  the  B.  perfringens,  and  the  staphylococcus  parvulus  have 
been  found  in  the  pleural  fluid. 

Gangrene  of  the  Alimentary  Canal,  Liver,  Spleen  and  Genital 
^Jigans.  The  great  number  of  microbes  swarming  in  the  digestive 
tract  explains  the  frequency  of  gangrenous  lesions  observed  therein. 
Inmost  cases,  however,  gangrenes  are  superficial  and  at  the  necropsy 
appear  under  the  form  of  simple  ulcerations.  On  the  other  hand, 
tnie,  deep,  invading  gangrene  is  quite  rare.  It  is  observed  especially 
^  a  result  of  hernial  or  internal  strangulations,  by  preference  in 

• 

^testinal  invaginations,  as  well  as  a  complication  of  typhlitis  and 
appendicitis,  exceptionally  as  a  result  of  thrombosis  of  the  mesenteric 
arter}'/  No  precise  bacteriological  examinations  have  been  made  in 
^ch  cases.  We  are  not  any  better  informed  as  to  the  superficial 
S^grenes.  The  type  of  the  kind  is  represented  by  dysentery.  ICven 
tliough  the  etiological  r61e  of  the  ameba  be  admitted,  it  is  not  knowTi 
vhat  part  is  played  by  the  various  microbes  of  the  digestive  canal. 

'  Adenot.     Thromboee  de  I'artdre  m&sent^rique  inferieurc  et  gangrene  du  cdlon. 
R^vue  dc  m^ecine,  1890. 
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The  putrid  germs  may  pass  from  the  intestine  into  the  liver  and 
there  produce  gangrenous  abscesses.  This  is  not  an  uncommon 
occurrence  in  dysentery.  The  primary  lesion  is  sometimes  so  small 
as  to  escape  notice,  as  is  proved  by  an  observation  of  Straus.^  The 
liver  was  the  seat  of  numerous  gangrenous  abscesses  the  pus  of  which 
was  mixed  with  fetid  gases.  The  spleen  also  contained  a  purulent 
focus  characterized  by  gangrenous  odor,  including  detritus  of  spha- 
celated tissue.  Numerous  microbes,  which  could  not  be  cultivated, 
were  seen  in  the  sections. 

These  various  lesions  of  the  intestine  and  its  adnexse  may,  of 
course,  extend,  to  the  peritoneiun. 

We  have  already  referred  to  gangrene  of  the  genital  organs,  and 
stated  that  in  the  male  the  external  parts  may  become  the  seat  of 
gangrene  consecutive  to  genital  erysipelas  and,  in  some  cases,  of 
spontaneous  gangrene  characterized  by  an  amazingly  rapid  course. 
In  the  latter  case  large  numbers  of  streptococci  are  foimd  associated 
with  anaerobic  germs. 

Chemical  Characters  and  Toxic  Power  of  Oangrenous  Prodacto- 

Chemical  analyses  of  gangrenous  products  have  demonstrated  tha»^ 
the  amount  of  water  increases  considerably  in  moist  gangrene  ^ 
Carbon  diminishes,  while  it  is  augmented  in  dry  gangrene  (RaynaucJ- 
and  Reveil).    Albumins  are  broken  up,  and  y\e\d,  on  the  one  hand< 
leucin  and  tyrosin:  on  the  other,  fatty  acids  which  are,  in  some^ 
instances,  suHiciently  abundant  to  impart  an  acid  reaction  to  the 
gangrenous  fluid.    These  acids  are  mostly  represented  by  butyric 
and  valerianic  acids  which  give  the  focus  its  fetid  odor.    There  are 
also  found  gases,  such  as  sulphuretted  hydrogen  and  ammonia. 

These  various  transformations  are  evidentlv  related  to  the  multi- 
j)lication  of  microbes,  and  are  due,  in  part  at  least,  to  the  soluble 
products  or,  more  precisely,  to  the  ferments  secreted  by  the  microlx's. 
This  is  demonstrated  by  the  investigations  of  Filehne,  Stolnikow, 
and  Escherich,  who  found  in  the  sputa  of  patients  suffering  from 
pulmonary  gangrene  a  ferment  which  is  similar  to  trypsin  and 
possesses  the  ])roperty  of  dissolving  even  elastic  fibres. 

Coincident  I V  with  the  evolution  of  the  local  lesions  are  observed 
a  series  of  general  phenomena  of  a  serious  character.     Most  of  these 

>  Straus.     Sur  iin  cas  d 'a beds  gangreneux,  probablement  piimitif,  du  foie  et  de  la. 
rate.     Archives  dc  med.  cxp.,  May,  1S90,  p.  428. 
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may  be  ascribed  to  the  microbic  products.  In  fact,  we  know  that 
the  fod  almost  constantly  contain  pyogenic  cocci,  of  which  we  have 
already  studied  the  toxins,  and  we  have  further  pointed  out  that 
very  active  substances  are  secreted  by  the  bacillus  of  gaseous  gan- 
grene and  the  other  necrosing  agents. 

Some  have  recently  attempted  to  beUttle  the  rdle  of  pyogenics, 
and  Veillon,  to  whom  we  owe  such  valuable  contributions  upon 
anaerobic  bacteria,  has  contended  that  gangrene  is  always  due  to 
anaerobic  germs.  This  seems  to  the  author  to  be  an  exaggerated 
statement.  The  author  thinks  that  along  with  the  strict  anaerobics,. 
the  influence  of  which  has  so  well  been  proven  by  Veillon  and  his. 
collaborators,  must  be  classed  certain  microbes  capable  of  living  in 
the  presence  as  well  as  in  the  absence  of  air.  It  is  also  to  be  noted 
that  putrid  decompositions  are  not  always  affected  by  strictly  anae- 
robic microbes.  The  colon  bacillus  is  a  first-class  putrefactive  agents 
To  be  convinced  of  this,  it  suffices  to  smell  the  odor  of  certain 
cultures.  The  author  would  therefore  state,  in  conclusion,  that  gan- 
grene is  a  common  process  to  which  most  varied  microbes,  either 
strictly  or  facultative  anaerobics,  may  give  rise.  Of  these  microbes 
a  few  m  endowed  with  a  high  degree  of  pathogenic  power,  but  this 
is  an  exception.  Most  of  them  are  no  more  than  putrefactive  agents 
incapable  of  developing  in  healthy  tissues.  They  multiply  only  in 
those  parts  of  the  organism  which  have  been  altered  by  previous 
processes.  They  are  able  to  induce  grave  manifestations  by  virtue 
of  the  putrid  poisons  secreted  by  them.  They  are  toxicogenetic 
rather  than  infectious,  and  this  is  the  reason  the  inoculation  of 
ipngrenous  products  often  gives  rise  to  no  disturbance  whatever. 


CHAPTEK   IX. 


SEPTICEMIAS  AND  PYEMIAS. 

Dcfmition  of  Words:  Septicemias,  Pyemias,  Bacteremias,  Bacteriotoxemi&s.  0^ 
secutive  and  Secondarj'  Cryptogenetic  Bacteremias.  Septicc-mic  Forms  of  Inf*^ 
tions  or  Specific  Septicemias.  Agents  of  Septicemias  and  P3remia8.  Exp0^ 
mental  Septicemias  and  Pyemias.  Septicemias  of  Animals.  Hemorrfaa^ 
Septicemias.  Study  of  the  Epizootic  Rhinitis  of  the  Rabbit.  ApplicatioD  ' 
Researches  of  Experimental  and  Ck>mparative  Pathology  to  Human  Patholo^ 
Principal  Clinical  Characters.  Evolution.  Importance  and  Frequency  cS.  AtteA 
uated  Forms.  Variolic  Pyemia  and  Septicemia.  Ebcperimental  Researches  d 
the  Parasite  of  Smallpox;  its  Culture  and  Inoculability. 


Definitions  and  Divisions  of  Septicemias  and  Pyemias.  Septi 
cemia  and  pyemia  constitute  two  morbid  processes  which  must  b 
drawTi  nearer  and  united  under  the  comprehensive  term  bacteremU 
In  reality,  the  pathogenic  germ  either  invades  the  whole  oi*gamsi 
without  creating  special  lesions  (septicemia),  or  it  locates  itself  i 
certain  viscera  or  tissues,  and  gives  rise  to  the  formation  of  punileD 
foci  (pyemia).  In  the  latter  instance  a  considerable  number  of  sma 
abscesses  are  generally  found  at  the  necropsy  occupying  the  livei 
kidneys,  lungs,  heart,  etc. ;  these  are  designated  by  the  rather  ina 
proper  name  metastatic  abscesses. 

Bacteremia  must  be  distinguished  from  bacteriotoxemia  in  whic' 
tlie  j3athogenic  agent  remains  localized  and  gives  rise  to  geners 
manifestations  by  means  of  the  toxins  it  secretes.  In  bacteremi 
tlien;  is  general  infection;  in  bacteriotoxemia,  intoxication. 

l^acteremia,  then,  includes  both  septicemia  and  pyemia.  Tk 
expression  septicemia,  created  by  Piorry,  was  to  be  applied  to  a 
alterations  of  the  blood  produced  by  septic  or  putrid  substance 
whatever  their  origin.  After  having  been  employed  in  most  diver 
senses,  the  term  was  adopted  by  bacteriologists  who  have  not  su 
ceeded  in  defining  it  any  better  than  cUnicians.  Confusion  was  fu 
ther  increased  when  the  bacillus  of  gaseous  gangrene  was  call 
septic  vibrio  J  and  the  disease  induced  by  it  gangrenous  septiceum 
These  improper  terms  led  to  important  errors  and  nosological  co 
fusion.  Thus,  for  example,  deceived  by  these  words,  some  authc 
beheved  that  septicemia  and  pyemia  should  be  separated  on  t 
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P^und  of  the  different  characters  of  their  pathogenic  agents .  Accord- 

• 

^  to  the  expressions  used  by  bacteriologists,  septicemia  was  due 
to  an  anaerobic  bacillus,  namely,  septic  vibrio,  remaining  at  the 
point  of  introduction;  pyemia  was  dependent  upon  aerobic  microbes 
invading  the  organism  and  there  producing  secondary  abscesses. 

As  a  matter  of  course,  a  word  may  be  employed  in  the  sense 

attributed  to  it  by  an  authority,  provided  it  be  well  defined.    Hence, 

the  term  "septicemia"  might  be  reserved  for  gaseous  gangrene  and 

analogous  processes.    This,  however,  would  be  a  notable  departure 

\     from  the  prevailing  tendency,  since,  logically,  it  would  be  necessary 

to  consider  all  local  diseases  which  kill  by  intoxication  as  septicemias, 

and  thus  include  tetanus,  diphtheria,  cholera,  etc.,  in  this  group.    In 

these  infections,  as  in  the  case  of  gaseous  gangrene,  the  microbes 

remain  localized  at  one  point,  and,  as  their  soluble  secretions  arouse 

general  reactions,  the  disease  is  of  a  toxic  character.    This  is  why 

these  diverse  processes  constitute  aseparate  group — bacteriotoxemias 

■~and  why  gangrenous  septicemia  must  be  excluded  from  the  group 

of  frue  septicemias.    Thus  limited,  bacteremias  still  represent  an 

artificial  nosological  class;  their  existence   may,  nevertheless,  be 

rendered  legitimate  by  the  following  considerations : 

In  cases  of  septicemia  the  microbe  is  present  in  every  part  of  the 
organism;  it  may  often  be  detected  in  the  blood  during  life,  and 
always  after  death.  The  lesions  are  those  common  to  all  grave 
infections.  The  blood  is  disintegrated  and  dark  in  color;  numerous 
^hjTiioses  are  found  in  the  viscera  and  tissues.  Hemorrhages  are 
*t  times  so  profuse  that  the  affection  deserves  to  be  designated  as 
^^worrAd^c  septicemia.  The  microscope  reveals  small  vascular 
thromboses,  cellular  degenerations,  and  occasionally  embryonic  foci, 
"idicating  a  reactionary  tendency  on  the  part  of  the  organism.  These 
foci  are  limited,  however,  and  are  not  visible  to  the  naked  eye. 

At  the  end  of  a  variable  period  of  time,  however,  the  microl)e8 
'^nie  localized  at  certain  points  of  the  economy;  septicemia  then 
'^  the  character  of  a  general  infection,  and  visceral  localizations 
Income  predominant  features.  The  secondary  foci  then  appearing 
^)  in  some  eases,  simple  inflammatory  lesions ;  in  other  instances 
fey  undergo  purulent  transformation.  Under  these  conditions  the 
process  might  properly  be  designated  as  septicopyemia ,  representing 
*  transitional  form  between  septicemia  and  pyemia. 

fyemias  are  distinguished  from  septicemias  by  the  tendency  of 
^  infectious  agent  to  localize  itself  from  the  begiiming  in  certain 
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viscera  or  tissues  and  there  give  rise  to  purulent  foci.  The  ger^ 
transported  by  the  blood  quickly  leave  this  medium;  hence  tJ 
assertion  of  some  authors  that  in  true  pyemia  the  microbes  are  foul 
exclusively  in  the  tissues.  When  they  are  at  the  same  time  encou- 
tered  in  the  blood,  the  process  should  be  held  to  be  septicopyemi 
We  shall  see  that  this  latter  distinction  is  not  well  founded. 

While  septicemias  and  pyemias  may  produce  anatomical  lesion 
they  may  also  be  consecutive  to  some  local  lesion.  According  t 
their  apparent  point  of  origin,  two  varieties  may  be  admitted.  H 
first  is  characterized  by  invasion  at  once  of  the  entire  organism;  ti 
portals  of  entrance  of  the  microbe  and  the  initial  lesion  are  wantir 
or  remain  unperceived.  The  infection  is  then  said  to  be  sponUmm 
or  cryTptogenetic,  The  latter  epithet,  introduced  by  Leube  ar 
accepted  by  Jiirgensen,  is  now  frequently  employed  in  German; 
In  the  second  variety,  general  infection  is  preceded  by  a  local  lesio 
Here  two  events  are  possible :  sometimes  the  primary  focus  contaii 
the  microbes  which  subsequently  invade  the  economy,  in  whii 
instance  bacteremia  deserves  the  name  conBecidive ;  sometimes,  c 
the  contrary,  the  primary  focus  is  the  work  of  specific  or  non-spedl 
agents  which  do  no  more  than  provide  a  portal  of  entrance  for  tl 
microbe  of  general  infection,  in  which  case  bacteremia  is  said  to  1 
secondary. 

According  to  the  foregoing  considerations,  we  may  classify  tl 
various  types  of  septicemic  and  pyemic  infections  as  follows: 

Classification  op  Septicemias  and  Pyemias. 

According  to  Their  Origin.  According  to  Their  Evolution. 

Primary:  "Without  special  localization  (true  X] 

Traumatic.  ccmias). 

Crj'ptogenctic. 
Consecutive.  With  inflammatory  visceral  localizati< 

Secondar>'.  With  suppurative  localizations: 

Septicopyemias. 
Pyemias. 

May  general  infection  ever  be  truly  primary  or,  on  the  contra 
is  it  always  consecutive  to  a  local  lesion,  such  lesion  being  in  sc 
cases  so  minute  as  to  escape  detection?  The  latter  eventuality 
frequently  realized.  On  the  other  hand,  the  reaUty  of  primary  g 
eral  infections  seems  to  be  demonstrated  by  numerous  surgical  ob 
vations  and  experimental  researches.  Clinically,  disturbances  h 
been  seen  to  develop  in  consequence  of  an  accidental,  an  operat; 
or  an  obstetrical  wound  which  seemed  in  good  condition.    The  sj 
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is  true  with  regard  to  animals.  When  an  extremely  virulent  microbe 
a  certain  streptococcus,  for  instance,  is  inoculated  beneath  the  skin, 
death  supervenes  from  bacteremia  without  the  slightest  local  lesion. 
Furthermore,  under  a  great  number  of  circumstances,  the  microbes 
which  we  carry  normally,  notably  those  of  the  alimentary  canal,  may 
penetrate  into  the  economy,  and,  under  debilitated  conditions  of  the 
system,  they  may  at  once  induce  a  general  disease.  In  such  cases 
it  is  impossible  to  find  a  trace  of  their  passage,  for  no  local  lesion 
exists.  If  it  were  always  possible  to  determine  the  mechanism  of  the 
infection,  occurrences  of  this  kind  should  be  grouped  under  the  name 
o^itobacteremia. 

Consecutive  general  infections  are  the  most  frequent  as  well  as  the 
DMst  unportant,  since  they  include  the  great  majority  of  surgical 
and  obstetrical  septicemias  and  pyemias.  In  this  group  should  also 
be  included  certain  cases  in  which  the  primary  lesion  is  of  a  medical 
wder,  to  wit,  occupying  such  parts  of  the  organism  as  to  render 
operative  inter\'ention  impracticable.  This  evolution  is  met  with  not 
only  in  suppurative  lesions,  but  it  is  of  constant  occurrence  in  the 
course  of  the  most  varied  maladies.  For  instance,  when  an  erysip- 
dasor  a  pneumonia  terminates  in  death,  the  infection  nearly  always 
assumes  a  septicemic  form.  At  the  necropsy,  and  even  during  life, 
the  microbe  concerned,  be  it  the  streptococcus  or  the  pneumococcus, 
B  found  in  all  the  organs  and  in  the  blood. 

The  same  evolution  may  be  observed  with  highly  differentiated 
bacteria.   Anthrax  is  a  good  illustration.    In  man,  the  bacillus  gives 

• 

^to  a  local  lesion,  viz.,  a  malignant  pustule.  Too  often,  however, 
rt  crosses  the  barrier  opposed  to  it  by  the  organism  and  invades  the 
^ole  system.  The  patient  is  then  said  to  have  died  from  anthrax 
septicemia.  It  may  happen,  at  least  in  animals,  that  even  the  local 
teion  is  absent,  anthrax  manifesting  itself  as  a  true  septicemia. 

It  is  likewise  said  that  such  or  such  an  infection  assumes  a  septi- 
^niic  form  in  cases  in  which  it  evolves  without  producing  its  usual 
^^^estations  or  lesions.  Thus,  a  septicemic  form  of  typhoid  fever 
b^been  described.  It  would,  therefore,  be  easy  to  extend  the  limit 
^f  septicemias  so  as  to  include  almost  all  infections,  at  least  certain 
lormg  thereof.  To  avoid  the  confusion  which  would  result  from  such 
*  conception,  we  are  obliged  to  call  septicemias  those  bacteremias 
^ch  are  dependent  upon  common  microbes,  and  to  distinguish 
those  cases  in  which  a  well-defined  agent  has  from  the  first  or  con- 
secutively invaded  the  entire  organism  and  behaved  as  in  true  septi- 
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ceniia,  as  septicemic  forms  or  specific  septicemias.  Thus,  to  tal 
the  examples  above  referred  to,  we  speak  of  a  streptococcic  sept 
cemia  and  a  staphylococcic  septicemia,  whereas,  if  the  question 
one  of  general  infection  by  the  bacHlus  anthracis,  we  employ  ti 
expressions  specific  septicemia  or  septicemic  form  of  anthrax.  E 
so  doing  we  conform  alike  to  clinical  data  and  to  the  results  • 
bacteriology. 

We  believed  it  proper  to  sharply  separate  consecutive  from  se 
ondary  infections.  The  distinction  is  equally  based  upon  clinic 
experience  and  bacteriology.  In  consecutive  infections  it  is  tl 
same  microbe  that  is  responsible  for  all  lesions.  Let  us  take,  f( 
instance,  a  purulent  infection  consecutive  to  a  phlegmon :  clinicall; 
it  is  the  same  process  that  has  become  generalized;  bacteriologicall; 
it  is  the  same  microbe,  staphylococcus  or  streptococcus,  that  is  four 
both  in  the  initial  phlegmon  and  in  the  metastatic  abscesses.  Pyem 
is  then  said  to  be  consecutive. 

On  the  other  hand,  let  us  take  a  case  of  diphtheritic  angina, 
the  patient  succumbs  to  septicemia,  as  the  latter  is  induced  by  tl 
streptococcus  while  the  primary  agent  remains  localized  in  the  throa 
we  say  that  this  septicemia  is  secondary.  It  is  a  second  prooe 
superadded  to  the  primary.  Likewise,  the  arthrites  of  gonorrhea  m 
be  produced  by  the  gonococcus.  This  is  an  instance  of  consecuti 
bacteremia  resulting  from  the  generalization  of  the  principal  inf( 
tion.  In  other  cases  the  arthrites  are  due  to  an  infection  superadd 
by  a  pyogenic  micro-organism  which  has  simply  profited  by  1 
urethral  lesion  and  invaded  the  economy;  this  is  a  secondj 
bacteremia. 

Bacteriology.  The  author  thought  it  well  to  include  septicen 
and  pyeniias  in  one  group.  A^Tiile  pathological  anatomy  shar 
separates  these  two  processes,  clinical  experience  recognizes  a  cl 
relationship  between  them,  and  bacteriology  confirms  the  result* 
observation  by  demonstrating  that  the  same  pathogenic  agents 
concerned  in  the  great  majority  of  cases. 

There  exist  certain  microbes  which  thus  far  have  been  met  \^ 
only  in  one  of  the  two  processes.  This  restriction,  while  prevent 
a  complete  identification  of  pyemias  and  septicemias  from  an  e 
logical  standpoint,  is  not  of  suflicient  importance  to  separate 
two  morbid  groups.  The  most  common  agents  of  the  two  proces 
are,  in  fact,  streptococci  and  staphylococci,  less  frequently  the  ot 
bacteria  to  wWch  reference  has  been  made  when  treating  of  sup 
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ration,  and,  lastly,  in  some  cases,  more  or  less  well-defined  niicrobes 

or  even  simple  saprophytes  that  have  acquired  an  unexpected  degree 
of  virulence. 

The  same  agents  may  cause  septicemias  in  man  and  in  animals. 
In  the  latter,  however,  a  great  number  of  species  have  been  met  with 
which  thus  far  have  not  been  detected  in  man.  Moreover,  it  is  easy 
to  produce  in  animals  experimental  septicemias,  the  study  of  which 
has  lai^ely  contributed  to  the  advance  of  bacteriology.  We  may, 
therefore,  divide  septicemias  into  two  great  groups :  spontaneous  sep- 
ticemias—t.  e,,  those  occurring  without  any  voluntary  inoculation — 
and  experimental  septicemias.  In  the  former  group  we  may  con- 
veniently study  the  septicemias  of  man,  affecting  exclusively  the 
human  species,  or  both  man  and  animals,  and  septicemias  attacking 
animals  only. 

Experimental  septicemias  may  also  be  subdivided  into  two 
groups,  according  as  they  are  produced  by  microbes  derived  from 
'i^'ing  organisms  or  by  saprophytes  coming  from  putrefied  substances 
*^&ir,  soil,  and  water. 

The  following  table  will  give  an  idea  of  the  principal  bacteria  thus 
far  encountered.    The  list  is  necessarily  incomplete,  but  its  main 

• 

niconvenience  is  that  it  includes  identical  microbes  as  distant  species. 
In  fact,  it  is  known  how  difiicult  it  is  to  determine  the  bacteria  met 
^th.  Hence,  authors  have  often  held  as  new  such  microbes  as  have 
^ady  been  described,  but  the  biological  characters  of  which  have 
^t  been  sufficiently  indicated  or  have  presented  variations  so  pro- 
nounced as  to  render  their  identification  a  matter  of  difficulty : 


Principal  Agents  of  Spontaneous  Septicemias. 


^iMan  and  Someiimes  of  Animals. 

^"fptococcus. 

^^phvlococcus. 

^^Unococcus. 

^Uniobacillus. 

*/****U8  hominis  capsulatus. 

JJ^UB  vulgaris. 

*^^us  aepticus. 

^^^^^^iM  capsulatiis  septicus. 

^^lus  coli  communis. 

°*^Uu8  of  psittacosis. 

^*^U8  pyocyaneus. 

*^^t)cocc\is  tetragenus. 

^•«5lhia  of  false  anthrax. 

^•«Ulu8  of  hemorrhagic  septicemia. 

^^cilhtt  septicus  putidus. 


0/  Animnls. 
Bacillus  of  hemorrhagic  septicemia. 
Cliicken  cholera. 
Disease  of  pigeons. 
Disease  of  canaries. 
Cholera  of  ducks. 
Infectious  enteritis  of  chickens. 
Septicemia  of  rabbits. 
Purulent  rhinitis  of  rabbits. 
Septicemia  of  ferrets. 
Disease  of  wild  animals. 
Septic  pleuropneumonia  of  calves. 
Contagious  pneumonia  of  pigs. 
Infectious  pneumoenteritis. 
B.  of  septicemia  of  rats. 
B.  capsulatus. 
B.  hydrophilus  fuscus. 


i 
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Experimental  Septicemia. 

Of  Animal  Origin.  Of  Saprophytir.  Origin, 

Agents  of  septicemias  of  salivary  or  Septicemia  of  Cose  and  Felts, 

nasal  origin:  Septicemia  of  Davaine. 

Bacillus  salivarius  septicus.  Experimental  septicemia  of  mi 

Micrococcus  salivarius  septicus.  Experimental  septicemia  of  rabl 

B.  crassus  sputigenus.  Bacillus  septicus  agrigenus. 

B.  smaragdinus  fetidus.  B.  canilicoUs  brevis. 

B.  salivarius  canis. 
Agents  of  septicemias  of  intestinal 
origin: 

B.  ca\'icida  havaniensis. 

B.  caniculicida  havaniensis. 

B.  acidiformans. 

B.  leparis  lethalis. 

Streptococcus. 

The  agents  of  pyemia  are  far  less  numerous.  The  principal  (r-^^ 
are  the  streptococcus  and  staphylococcus,  to  which  may  be  adde^^  * 
special  bacillus  described  by  Levy. 

Certain  more  highly  organized  parasites  may  be  classified  with  fe^ 
agents  of  pyemia :  actinomycetes,  for  example,  which  induce  even  ^ 
man  multiple  suppurations,  and  thus  give  rise  to  a  true  chroi*-^ 
pyemia.     The  oospora  fardnosa  and  oidium  albicans  are  Gd^^^ 
of  acting  in  a  similar  manner.    These  various  pyemias,  howeve:^^ 
should  be  considered  as  specific  pyemias.    The  conmion  pyemias 
almost  always  dependent,  in  animals  as  well  as  in  man,  upon  th< 
habitual  agents  of  suppuration — streptococci  and  staphylococci. 

Experimental  Septicemias  and  Pyemias. 

The  study  of  septicemias  and  pyemias  which  may  experimentally 
be  produced  in  animals  is  of  great  importance  in  medicine,  since  it 
has  powerfully  served  to  establish  the  fundamental  principles  of 
bacteriology  on  solid  bases.  These  experimental  maladies  may  very 
readily  be  produced ;  it  suffices  to  inject  into  animals  saUva  or  fecal 
matters,  to  inoculate  putrefied  substances,  or  contaminated  water, 
or  to  introduce  dust  beneath  their  skin.  Many  experimenters  eagerly 
entered  this  field  of  research  and  described  a  great  number  of  experi- 
mental diseases  characterized  by  septicemic  manifestations. 

Researches  of  this  kind  are,  at  present,  rather  neglected;  it  would 
be  of  value,  however,  to  pursue  such  investigations  in  order  to 
demonstrate  what  relationship  exists  between  diseases  caused  by 
saprophytes  swarming  in  putrid  matters  or  found  in  the  air,  soil,  and 
water,  and  spontaneous  diseases,  developing  without  any  experimen- 
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tal  influence.  Important  data  may  thus  be  obtained  regarding  the 
dist^Tibution  of  pathogenic  agents  outside  living  beings  and  the  pos- 
svVAe  sources  of  contamination. 

Birtory.  We  shall  not  dwell  upon  the  works  of  the  pre-bacterial 
P^inod;  a  very  full  account  of  them  will  be  found  in  the  highly  inter- 
acting article  of  Jeannel/    It  will  suffice  to  recall  that  Gaspard  was 
*^^  first  to  undertake  experimental  researches  upon  purulent  and 
Pvitrid  infections.*    The  results  were  verified  by  Magendie  (1824), 
T^oasseauand  Dupuy  (1826),  Leuret  (1826),  Boyer  (1834),  etc.    In 
^  remarkable  work  d'Arcet  demonstrated  that  putrid  serosities  give 
^^se  to  putrid  infections  without  abscess ;  that  the  injections  of  pus 
generally  cause  death  without  lesions  (1842).    The  pathogenic  idea 
of  d'Arcet  was  developed  by  Virchow  and  accepted  by  many  authors; 
pyemia  was  considered  as  a  septicemia  compUcated  with  embolic 
inigrations.     In  1889  Verneuil  stated  that  pyemia  is  an  embolic 
septicemia  and  that  purulent  infection  is  a  termination  of  septicemia. 
The  researches  of  Berard,  Castelneau,  Ducret,  Sedillot,  Batailhe, 
Gamgee,  Chauveau,  Billroth,  and  0.  Weber  established  experimen- 
tally that  putrefied  pus  induces  septicemia  without  abscesses,  while 
fresh  pus  gives  rise  to  septicemia  or  pyemia — a  septicemia  when  a 
peat  amount  of  pus  is  at  once  introduced ;  a  pyemia  when  small 
doses  are  injected  and  the  inoculations  are  repeated  several  days 

•  _____ 

in  succession.  The  possibility  of  reproducing  in  animals  the  two 
infectious  processes  which  were  known  to  clinical  experience  led 
naturally  to  investigation  of  the  mechanism  of  the  events.  A  few 
authors  beUeved  that  pus  was  engendered  by  the  white  corjDuscles ; 
^ch  was  the  opinion  of  Sedillot,  Billroth,  and  0.  Weber. 

In  order,  however,  to  explain  the  general  phenomena  and  the  mode 
of  development  of  septicemias,  another  factor  wa^s  to  be  taken  into 
^^unt.  This  factor  was  first  looked  for  in  chemical  substances. 
The  toxic  theory,  which  contains  a  great  deal  of  truth,  was  further 
developed  by  the  works  of  Panum.  It  is  well  demonstrated,  in  fact, 
^at  the  symptoms  observed  in  infections  depend  upon  toxic  sub- 
stances; but  by  what  mechanism  are  the  latter  produced?  Pastern*' s 
^orks,  by  showing  the  animate  nature  of  fermentations,  led  to  a 
*^ch  among  the  infinitely  small  for  the  cause  or,  at  least,  the  start- 

J^winel.  Art.  Septicemic  et  pyoh<^niie.  Encyclop6die  interiiationale  dc  chirurgic, 
J»83,t,i.p.  311. 

^^ttpard.  Memoire  ph3rsioIogiquc  sur  les  maladies  purulentcs  et  put  rides  et  sur  la 
VAceine.   Journal  de  Magendie,  1822,  p.  1;  1824.  p.  1. 
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ing  point  of  the  events.    Thus  we  arrive  at  the  second  or  mia 
period  of  the  history  of  septicemias. 

From  1865  to  1869  Coze  and  Feltz^  published  a  series  of  rese*] 
on  septicemia.  They  succeeded  in  inducing  septicemic  condi 
by  various  procedures.  Sometimes  they  introduced  putrid 
stances  beneath  the  skin  of  dogs  and  rabbits;  in  other  cases, 
introduced  blood  derived  from  typhoid  fever,  variola,  puerperal  f 
or  scarlatina  patients.  In  all  instances  the  animals  died,  aii( 
necropsy  revealed  in  the  blood  a  great  number  of  microbes,  b) 
cocci,  and  little  chains.  These  authors  must  be  credited  with  hi 
developed  a  fertile  method  of  experimentation  and  having  oba 
an  important  result,  to  mt,  the  increase  of  virulence  when  inc 
tions  in  series  are  made  upon  animals.  This  result  was  shown 
verified  by  Davaine,*  who  left  cow's  blood  to  putrefy  for  ten  da 
the  month  of  July,  and  injected  from  two  to  fifteen  drops  of  it 
rabbits,  with  a  fatal  result.  By  making  successive  inocula 
Davaine  recognized  that  on  the  twenty-fifth  passage  the  blooc 
virulent  in  a  dose  of  one-trillionth  of  a  drop  or  at  times  evei 
ten-trillionth  of  a  drop  (0.000,000,000.05  to  0.000,000,000,005  c. 
He  concluded  that  septicemia  is  a  putrefaction  effected  in  the 
of  a  living  animal  by  the  activity  of  \ibrios. 

These  results  aroused  doubt  and  criticism.  Bouley,  VulpiaD 
had  at  first  been  skeptical,  repeated  Davaine's  experiments 
Behbier,  as  well  as  Liouvillc  and  Colin,  recognized  their  exac 

The  next  attempt  was  made  with  the  view  of  discoverin 
characters  of  the  agents  capable  of  causing  such  accidents.  P 
made  a  first  attempt  by  injecting  into  rabbits  the  yeast  of  be( 
a  micro-organism  cultivated  in  the  urine.  Klebs  produced 
cemias  by  injecting  cultures  of  putrefied  tissue.  Koch,'*  hoi 
should  be  credited  with  the  first  efforts  to  characterize  and  s 
the  various  experimental  infections.  This  work,  w^hich  is 
remarkable  for  the  epoch  at  which  it  appeared,  does  not  give 
cient  information  as  to  the  characters  of  the  pathogenic  agei 

*  Coze  and  Feltz.  Rechprches  exp.  sur  la  presence  des  infusoires  et  Tdtat  < 
dans  les  maladies  infectieuses.     Strasbourg,  1866-69. 

'  Davaine.  Recherches  sur  la  septicemie  et  sur  les  caracteres  qui  la  dissing: 
maladie  charbonneuse.  Comptes  R.  Acad,  des  Sciences,  Jan.  25,  1869.  Recher 
quelques  questions  relatives  a  la  septicemie.    Acad,  de  M6decine,  September  1 

'  Popoff.     Untersuchungcn  iiber  die  Wirkungen  der  Bierhefe  und  der  in  c 
teurschen  Fliissigheit  enthaltenen  Organismen  auf  der  thierischen  Korper. 
med.  Wochenschrift,  1872. 

*  Koch.    Ueber  die  Aetiologie  der  "Wundinfectionskrankheiten.    Leipzig,  18' 
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that,  with  regard  to  several  of  them,  it  is  difficult  to  determine  their 
relationship  with  the  agents  of  other  experimental  diseases  and  wdth 
those  of  spontaneous  infections. 

Septicemias  of  Salivary  Origin.  Hitherto  experimental  septice- 
mias were  produced  by  injections  of  putrefied  substances  or  patho- 
logical products.  The  inoculation  of  normal  organic  fluids,  however, 
may  produce  the  same  results.  In  1881  Pasteur  obtained  a  septi- 
cemia in  the  rabbit  by  inoculating  the  saUva  of  a  boy  the  victim 
of  hydrophobia.  Sternberg  arrived  at  the  same  result  by  injecting 
the  saliva  of  a  healthy  man;  he  carefully  studied  the  characters  of 
this  agent,  and  Fraenkel  demonstrated  its  identity  mth  the  pneumo- 
coccus. 

At  the  present  time  septicemias  have  been  well  studied  and  classi- 
fied. We  shall  briefly  indicate  the  characters  of  the  principal  types. 

The  inoculation  of  the  saliva  may  give  rise  to  several  forms  of 
septicemias  in  animals.  The  salivary  septicemia  with  pneumococcus 
is  obtained  by  inoculating  the  rabbit  or,  better,  the  mouse.  The 
^"^succimibs  in  twenty-four  or  forty-eight  hours  and  the  necropsy 
rpvealsthe  easily  recognizable  encapsulated  microbe  in  the  blood  and 
organs. 

The  B.  crassus  sputigenus  of  Kj*eibohrn^  is  an  encapsulated  bacillus 
^J^logous  to  if  not  identical  with  the  pneumobacillus  of  Fried- 
lander;  it  differs  from  it  only  in  that  it  is  not  decolorized  by  Gram's 
niPthod.   It  kills  mice  and  rabbits  within  twenty-four  hours. 

The  B,  tenuis  sputigenus^  is  an  encapsulated  bacillus,  smaller  than 
A^  preceding  one,  is  stained  by  Gram's  method  and  readily  develops 
m  the  various  culture  media.  It  is  pathogenic  for  the  rabbit  and 
^te  rat,  but  not  for  the  guinea-pig  and  white  mouse. 

Aside  from  these  septicemias  produced  by  the  human  saliva,  there 
^  one  which  Fiocca  caused  with  the  saUva  of  dogs  and  cats.  It  is 
™  to  a  small  bacillus,  which  in  cultures  on  potatoes  resembles  a 
"^crococcus.  It  is  a  facultative  anaerobic  and  does  not  liquefy 
?Win.  The  cultures  are  pathogenic  for  rabbits,  guinea-pigs,  young 
^%  and  mice. 

Septicemias  of  Nasal  Origin.  Of  the  septicemias  of  nasal  origin, 
^niust  mention  that  which  Reimann^  has  produced  with  a  bacillus 
'ound  in  a  case  of  ozena:  the  B,  smaragdinus  jetidus.    It  is  a  facul- 

'  Flugge.    Die  Mikroorganismcn.    Leipzig,  1886,  p.  260. 

'  Pangini.   BakteriologiBche  Studien  dea  Auswurfs.  Virchow's  Archiv,  Bd.  cxxii.,  1890. 

'  Heimann.    Inaug.  Diss.,  Wurzburg,  1887. 
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tative  anaerobic.  Its  intravenous  or  subcutaneous  inoculation  ki^ 
rabbits  in  thirty-six  or  forty-eight  hours ;  the  necropsy  reveals  suJ 
pericardiac  and  subpleural  hemorrhages.  Large  niunbers  of  bacii 
are  seen  in  the  blood  and  organs. 

Septicemias  of  Intestinal  Origin.  The  genuine  microbe  of  septi 
cemias  of  intestinal  origin  is  the  colon  bacillus.  A  great  number  o 
infections  attributed  to  other  agents  must  be  looked  upon  as  due  t< 
varieties  of  this  microbe,  viz.,  to  varieties  of  B.  coli  communis  aai 
B.  lactis  aerogenes. 

The  B.  cavicida  havaniensis  (Sternberg),  found  in  the  intestine  c 
a  subject  dead  from  yellow  fever,  seems  to  be  no  more  than  a  variet 
of  B.  coli.  It  exerts  no  action  upon  rabbits  and  kills  guinea-pi( 
within  ten  or  twelve  hours.  On  the  contrary,  the  B.  cuniculidd 
havaniensis  (Sternberg),  obtained  under  the  same  circumstances, 
a  variety  of  colon  bacillus  which,  as  its  name  indicates,  is  pathogen 
for  the  rabbit. 

The  B.  acidiformans  (Sternberg),  derived  from  the  liver  of  varioi 
cadavers,  seems  to  the  author  to  be  analogous  to  the  B.  lact 
aerogenes.    It  kills  rabbits  and  guinea-pigs  in  twenty-four  hours. 

Septicemias  and  Pyemias  of  Saprophytic  Origin.  As  has  alreac 
been  stated,  Koch  had  described  several  infections  consecutive  ' 
inoculations  of  putrefied  substances.  There  is,  in  the  first  place,  tl 
septicemia  of  mice,  caused  by  the  injection  of  putrefied  blood.  Th 
affection,  which  is  due  to  a  small  bacillus  measuring  1/Jt  by  0.1, 
attacks  only  the  house  mouse,  not  the  field  mouse  or  rat.  By  injec 
ing  into  rabbits  an  infusion  of  putrefied  meat,  Koch  produced  a  ne 
septicemia,  the  septicemia  of  rabbits,  due  to  microbes  0.8;m  to  1/* 
length.  Gaffky  observed  a  similar  septicemia  by  injectuig  tl 
water  of  Panke  into  rabbits.  The  behef  is  now  gaining  ground  thi 
all  those  affections  (l(*pen(l  upon  the  same  microbe  as  that  of  chicke 
cholera. 

Sewer  water  and  the  soil  contain  a  certain  nmnber  of  septicem 
agents,  among  which  are  the  B.  canaUcolis  brevis  and  the  B.  septici 
agrigcMius.  The  former  was  found  by  Mori  in  the  sewer  water 
Berlin:  it  is  pathogenic  for  mice,  rabbits,  and  guinea-pigs,  but  n* 
for  pigeons.  The  latter  microbe,  discovered  by  Nicolaier  in  manun 
fields,  resembles  the  bacillus  of  chicken  cholera,  but  is  a  trifle  long( 
A\li(»n  inoculated  into  the  veins  it  kills  rabbits  in  twenty-four 
thirty-six  hours.     It  is  also  pathogenic  for  mice. 

To  sum  uj),  the  great  majority  of  diseases  experimentally  produce 
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due  to  microbes  which  we  find  in  natural  diseases.    In  most  cases 
the  same  microbes  under  different  names  are  encountered,  notably 
streptococcus,  pneumococcus,  pneumobacillus,  and  colon  bacillus. 
rt  us  add  the  proteus  vulgaris,  mirabilis,  and  Zenkeri,  which  are 
frequently  present  in  decaying  matters  and  the  cultures  of  which 
ire  rise  to  septicemias  in  animals. 

Spontaneous  Septicemias  and  Pyemias  of  Animals. 

lemonrhagic  Septicemias.  There  exists  a  group  of  microbes, 
deagnated  as  bacilli  of  hemorrhagic  septicemias,  the  importance  of 
'^rtiich  is  far  greater  than  was  at  first  believed.  The  type  of  the  kind 
IS  represented  by  the  bacillus  of  chicken  cholera.  It  was  soon  learned 
that  the  microbes  of  experimental  septicemia  produced  by  Koch  and 
Gaffky  were  no  other  than  the  bacillus  of  chicken  cholera.  It  was 
later  recognized  that  a  great  number  of  affections  observed  in  birds, 
^^^,  wild  animals,  and  the  hog  depend  upon  microbes  analogous  to 
^^  identical  with  the  bacillus  of  chicken  cholera.  The  presence  of 
tliis  agent  in  putrefied  substances  (Koch)  or  contaminated  water 
(Gaffky)  shows  how  widely  it  is  distributed  and  explains  the  appa- 
^Dtly  spontaneous  development  of  certain  epizootics. 

The  bacillus  of  hemorrhagic  septicemia  is  the  agent  of  at  least 
ftfteen  diseases  that  were  once  held  to  be  different.     In  some  recent 
^^ntributions,  Dr.  Lignieres  introduces  other  affections,  notably  the 
^iiseasesof  dogs  and  cats  and  the  typhoid  malady  of  horses,  and  pro- 
P^^es  to  call  the  group  pa^teurelloses.    Distinctions  may  be  estab- 
lished according  to  the  species  spontaneously  affected  and  those  which 
^y  be  infected  in  laboratories.     It  is  to  be  noted,  however,  that 
^he  pathogenic  action  varies  considerably  with  the  origin  of  the  virus. 
For  instance,  rabbits  and  chickens,  which  are  so  sensitive  to  chicken 
^l^ofera,  are  refractory  to  the  other  morbid  varieties;  while,  on  the 
•^Aer  hand,  the  guinea-pig,  so  slightly  susceptible  to  chicken  cholera, 
^y  easily  contract  other  forms  of  the  infection. 

It  may,  therefore,  be  questioned  whether  affections  so  clearly  diff(*r- 
"^from  each  other  can  be  classed  in  one  morbid  group.  Thoy  have 
"^^  grouped  for  the  reason  that  the  pathogenic  agents  found  in 
these  diverse  diseases  possess  analogous  or  identical  morphological 
^d  biological  characters.  Morphologically,  they  are  small,  ovoid 
bacilli  measuring  1//  by  0.25/Jt,  and  assume,  in  certain  media,  the 
aspect  of  micrococci  or  diplococci.    They  are,  with  few  exceptions, 
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non-motile.    None  is  spore-bearing.    Certain  species,  like  that 
chicken  cholera,  cannot  develop  without  oxygen;  most  of  the  otl 
varieties  are  facultative  anaerobics. 

The  differences  existing  between  the  various  agents  of  hemorrha( 
septicemia  recall  those  observable  in  the  group  of  colon  bacilli.  T 
comparison  is  the  more  interesting  as  the  characters,  considered 
distinctive,  are  the  same  in  both  instances.  These  consist  in  t 
different  appearances  of  the  cultures  on  potato  and  in  milk,  t 
production  of  indol,  and  motility  and  non-motility  of  the  elemen 
All  these  characters,  however,  are  contingent  and  variable  and 
not  suffice  to  specify  a  microbe.  The  same  is  true  as  regards  1 
pathogenic  action.  The  microbe  of  chicken  cholera  is  extremi 
virulent  for  the  chicken  and  for  the  rabbit,  while  it  is  slightly  so 
the  guinea-pig;  its  inoculation  produces  nothing  more  than 
abscess  in  man,  the  horse,  and  sheep. 

Such  are  the  reasons  which,  since  the  works  of  Hueppe,'  Bau 
garten,^  Caneva,^  and  Bunzl  Federn*  have  led  to  the  creation  of  1 
group  of  hemorrhagic  septicemias.  We  should  like  to  include  in  t 
group  the  epizootic  purulent  rhinitis  of  the  rabbit.*  This  affecti^ 
of  not  uncommon  occurrence,  attacked  some  of  the  rabbits  of  < 
laboratory  in  the  sprmg  of  1900.  We  then  seized  the  opportun 
to  take  up  the  study  of  this  malady.® 

Epizootic  Purulent  Rhinitis  of  Rabbits.  The  purulent  rhin 
starts  with  an  abundant  nasal  discharge.  The  animal  grows  thin  s 
loses  appetite.  The  discharge  lasts  about  a  w^eek  without  any  ot; 
symptoms,  and  the  affection  invariably  ends  in  death.  In  one  cfi 
fatal  termination  seemed  to  be  hastened  by  profuse  nasal  hem 
rhages.  At  the  necropsy  upon  these  rabbits,  the  mucous  membn 
of  the  nasal  fossie  is  found  to  be  the  seat  of  congestion;  the  trach 
bronchi,  and  sinuses  of  the  face  contain  a  clear,  slightly  purul 
mucus,  and  one  is  at  times  surprised  at  the  absence  of  other  mic 


*  Huoppc*.     Ucber  die  Wildscuche  und  ihre  Bedcutiing  fur  Nationalokonomie 
Hygiene,     lierl.  klinische  Wochenschrift,  1886,  p.  753. 

2  Bauragarten.     I^hrbuch  der  pathologischen  Mykologie,  1890,  p.  489. 

3  Cnneva.  Ueber  die  Baktorien  der  hamorrhagischen  Septikamie.  C^ntralb.  f.  1 
teriologie,  1891,  Bd.  ix.,  p.  557. 

*  Bunzl  Federn.  Beraerkungen  iiber  Wild  und  Schweineseuche.  Ibid.,  p.  787.  Vi 
suchungon  iiber  einige  Erkrankungen  des  Schweine.     Archiv  f.  Hygiene,  1891. 

5  There  is  a  ver>'  interesting  study  on  hemorrhagic  septicemia  in  the  book  of  No 
and  Leclainche.     Les  maladies  microbiennes  des  animaux,  Paris,  1896. 

"  Roger  and  W'cil.  Recherches  bacteriologiques  sur  la  rhinite  punilento  episoot 
dca  lapins.    Arch,  dc  m6d.  exp.,  July,  1901. 
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scopic  lesions.  In  certain  cases,  however,  there  is  a  marked  spleni- 
lation  in  the  lungs,  even  hemorrhages;  the  organs  of  the  abdominal 
cavity  are  congested,  and  the  spleen  enlarged.  The  pathogenic 
agent,  examined  in  the  pus  or  in  cultiu-es,  appears  in  the  form  of 
oval  elements  which  might  easily  be  taken  for  micrococci.  They  are 
small,  non-motile  bacilli  measuring  on  an  average  0.6//  to  0.7/^, 
sometimes  \fi.  They  are  stained  with  difficulty  and  are  decolorized 
by  Gram's  method.  Strictly  aerobic,  this  microbe  rapidly  develops 
in  ox  serum  gelatin.  Its  vitaUty  and  virulence  are  well  preserved 
only  in  the  serum  of  rabbits.  Cultures  made  in  this  medium  were 
employed  in  our  experiments  and  enabled  us  to  produce  in  rabbits 
a  disease  analogous  to  the  spontaneous  affection  by  its  evolution  and 
lesions. 

This  disease  of  the  rabbit  has  been  the  object  of  two  pubUcations 
in  Germany.  The  first  by  date  is  that  of  Beck,  who  isolated  a 
pathogenic  bacillus  comparable  to  that  of  human  influenza.  Krauss 
found  a  bacillus  which  he  beUeved  represented  a  new  species.  Our 
bacillus  is  not  identical  with  the  two  preceding  ones.  Nevertheless, 
It  18  quite  likely  that  it  is  the  same  parasite  assuming  somewhat 
pwuliar  characters  accordmg  to  various  epizootics. 

Hainan  Septicemias  and  Pyemias. 

TTie  preliminary  study  above  presented  on  experimental  and  spon- 
taneous septicemias  and  pyemias  of  animals  will  facilitate  compre- 
hension of  these  infections  in  man. 

ilany  pathologists  divide  septicopyemias  into  surgical,  puerperal, 
*nd  medical.  It  seems  to  me  more  rational  to  take  into  account 
l^th  their  point  of  departure  and  nature.  We  shall  first  study 
P'unary,  traumatic,  and  cryptogenetic  septicemias.  They  may  be- 
anie manifest  at  once  without  any  appreciable  cause  or  in  conse- 
quence of  a  traumatism  or  important  surgical  operation.  Dr.  Jayle 
f^  well  demonstrated  that  a  great  niunber  of  cases  considered  as 
stances  of  shock  consecutive  to  opening  the  abdomen  must  be 
*^tributed  to  acute  septicemia,  commonly  due  to  streptococci.  A 
^nd  group  includes  septicemias  consecutive  to  a  local  lesion.  If 
fte  latter  is  created  by  a  highly  differentiated  micro-organism,  the 
^pticemia  is  said  to  be  specific  and  will  not  be  dealt  with  here.  We 
^  to  study  only  those  cases  in  which  the  lesion  and  its  consequences 
<fcpend  upon  common  bacteria,  generally  of  the  pyogenic  group. 

Finally,  secondary  septicopyemias  are  those  in  which  the  general 
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infection  is  induced  by  an  ordinary  microbe  secondarily  engraf*^ 
upon  a  previous  microbic  lesion. 

Bacteriology.  The  microbes  commonly  found  in  himian  sep"^' 
cemias  and  pyemias  are  already  known  to  us :  they  are  chiefly  tJ^^ 
streptococci,  staphylococci,  pneumococci,  pneumobacilU,  proteus  arx« 
colon  bacilli.    (See  table,  p.  249.) 

Differentiation  of  the  various  microbes  found  in  septicemias  frox» 
the  pneumobacillus  of  Friedlaender  has  been  based  upon  the  results 
of  inoculations.  In  fact,  it  is  admitted  that  the  pneiunobacillus  i» 
not  pathogenic  for  the  rabbit.  The  authorV  researches,  howevei"? 
demonstrate  that  its  intravenous  inoculation  gives  rise  to  a  fatjal 
septicemia  characterized,  in  a  great  number  of  cases,  by  multiple 
hemorrhages.  This  fact,  which  is  contrary  to  classical  opinion,  miK^j 
I  think,  be  emphatically  stated.  As  a  result  of  intravenous  inoc«J»- 
lations,  there  may  be  observed  one  of  the  following  three  types: 

1.  Hemorrhagic  septicemia  with  swelling  and  infarction  of  Peyer  *» 

patches,  intestinal  hemorrhages. 

2.  Septicemia,  without  any  obvious  lesions,  with  numerous 

crobes  in  the  organs  and  the  blood,  or  only  in  the  organs — i. 
without  microbes  in  the  blood,  at  least  so  far  as  microscopic 
ination  reveals. 

3.  A  chronic  disease  characterized  by  albimiinuria  associated  wit 
renal  alterations;  at  times  by  cardiac  dilatations  and  paralyses. 

These  results  seem  to  authorize  us  to  more  closely  ally  the  pne^ 
mobacillus  with  various  encapsulated  microbes  pathogenic  for 
rabbit.     The  manifestations  observed  are  also  interesting, 
they  resemble  those  encountered  in  man  and  serve  to  elucidate  thc^^^ 
mechanism. 

The  colon  bacillus  is  very  frequently  concerned  in  septicemia.  T0^^ 
microbe  of  psittacosis,  which  does  not  differ  greatly  from  this,  m^^^J 
be  considered  as  a  species  intermediary  between  the  colon  bacill*  ^ 
and  the  bacillus  of  Eberth.  It  was  discovered  by  Nocard  in  diseast^  ^ 
parrots,  and  has  been  well  studied  by  Gilbert  and  Foiu*nier.  The:-  ""^^ 
authors  have  observed  an  epidemic  attacking  five  individuals  in  o^^^ 
family.  Three  were  slightly  affected;  the  two  others  succumbed  ]^ 
eight  or  nine  days.  The  microbe  was  detected  at  the  necropsy  ^^ 
the  blood  of  the  heart,  and  proved  to  be  extremely  virulent  for  pa-  ^' 
rots,  mice,  guinea-pigs,  rabbits,  and  pigeons.    Psittacosis  manifes^*^ 


*  Roger.   Action  du  bacillc  de  Friedlaender  sur  le  lapin.    Soc.  de  biolc^e,  January  ^• 
1894. 
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itself  in  man  by  symptoms  resembling  those  of  adynamic  pneumonias 
of  typhoid  fever,  with  pronounced  predominance  of  nervous  pertur- 
bations.* 

Although  unable  to  affirm  positively  its  pathogenic  r61e,  we  should 
like  to  note  that  the  leptothrix  buccalis  has  at  times  invaded  the 
viscera.   Poncet  reports  the  observation  of  a  patient  who  succumbed 
to  a  putrid  infection  consecutive  to  a  dental  abscess.    Quantities  of 
this  microbe  were  found  in  the  metastatic  foci  and  cardiac  coagula. 
Reference  has  already  been  made  to  the  numerous  investigations 
^th  regard  to  hemorrhagic  septicemias  of  animals.    No  less  impor- 
tant researches  have  been  pursued  with  regard  to  hemorrhagic  sep- 
ticemias of  man.    It  will  suflBce  to  mention  those  of  Klebs,  Ceci,  W. 
Qievne,  Petrone,  Letzerich,  Demme,  and  Hlava.    The  last-named 
author  has  even  advanced  the  idea  that  hemorrhagic  fevers  are  due 
to  a  superadded  infection  by  a  hemorrhagiparous  bacterium.    This 
opinion  will  receive  notice  later  in  connection  with  variola.    In  cer- 
tain cases  of  hemorrhagic  infection  there  has  been  found  a  bacillus 
analogous  to  that  of  chicken  cholera  or  rabbit  septicemia.    Tizzoni 
and  Giovannini,  Babes,  and  Kolb  have  found  a  similar  microbe  in 
purpura  hemorrhagica.    Babes  further  asserts  that  this  microbe  is 
present  in  the  most  varied  infections — septic  pneumonia,  omphalitis, 
keratitis,  followed  by  hemorrhagic  septicemia,  hemorrhagic  variola, 
^d  septicemia  resembling  typhus  fever.    Belfanti  and  Pescarodo 
We  found  the  same  microbe  in  a  case  of  tetanus.     Sternberg  has 
encountered  it  in  the  Uver  of  an  individual  dead  from  yellow  fever. 
Lastly,  we  have  found  in  a  case  of  putrid  pleurisy  an  analogous 
Jiiicrobe,  present  in  the  exudate  with  various  other  bacteria — viz., 
^ptococcus,  staphylococcus,  and  colon  bacillus.    It  was  the  typical 
^robic,  ovoid  bacterium  developing  in  agar-agar  and  gelatin,  Uke  the 
Qiierobe  of  chicken  cholera.    Its  subcutaneous  inoculation,  even  in 
Very  small  doses,  produced  in  the  rabbit  a  septicemia  ending  in  death 
^fliin  twenty-four  hours,  while  in  the  guinea-pig  there  appeared  at 
^  pomt  of  inoculation  a  profuse  serous  exudation,  then  an  abscess 
^ch  opened  in  a  few  days  and  healed  spontaneously.    It  is  evi- 
^tly  difficult  to  say  what  r61e  had  been  played  by  this  microbe  in 
Agenesis  of  the  symptoms  presented  by  the  patient;  it  is  never- 
tneless  interesting  to  call  attention  to  the  rare  observatioiLs  in  which 
the  bacillus  of  hemorrhagic  septicemia  has  been  noticed  in  man. 

'  Gilbert  and  Foumier.    Contribution  &  I'^tude  de  la  psittacose.    Acad^mie  de  m6de- 
«>»  (report  by  Dr.  Debove),  October  20,  1896. 
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If  we  further  bear  in  mind  that  the  microbe  of  hemorrhagic  sep 
cemia  may  be  encountered  as  a  simple  saprophyte  in  the  buo 
cavity  of  man  (Baiungarten),  dog,  and  cat  (Smith),  we  shall  conch 
that  the  microbes  constituting  this  group  must  play  in  human  pai 
ology  a  r61e  of  greater  consequence  that  was  at  first  believed. 

Eelative  Frequency  of  the  Various  Septic  and  Pyemic  Agen 
Having  briefly  reviewed  the  principal  microbes  which  may  be  fou 
in  cases  of  bacteremia,  we  must  determine  the  relative  frequency 
each  of  them.  The  most  complete  study  on  this  subject  is  that 
Canon,^  whose  investigations  covered  seventy  cases.  The  autl 
divides  his  results  into  three  categories,  according  as  the  proo 
was  one  of  septicemia,  septicopyemia,  or  true  pyemia — i.  c,  pyen 
TOthout  the  presence  of  microbes  in  the  blood. 

In  the  cases  of  septicemia,  twenty  in  number.  Canon  has  fou 
chiefly  the  streptococcus,  less  frequently  the  staphylococcus,  or 
the  pneumococcus,  at  another  time  the  colon  bacillus,  and,  last 
in  one  case,  an  unidentified  bacillus.  These  microbes  were  found 
the  blood  and  in  the  primary  focus.  In  two  cases,  however,  t 
initial  lesion  contained  both  the  streptococcus  and  staphylococc 
but  the  latter  alone  entered  the  blood.  These  results  were  secui 
with  blood  obtained  from  the  cadaver.  Examinations  made  se\ 
times  upon  the  living  subject  gave  positive  results  in  three 
stances. 

The  second  group  comprises  twenty  cases  of  bacteremia  w 
metastatic  foci.  In  eleven  patients  with  various  primary  lesi( 
Canon  found  mainly  streptococci  and  staphylococci,  once  the  pn 
niococcus,  at  another  time  a  large  unidentified  bacillus.  Out  of  f 
examinations  of  the  blood  made  during  life,  four  yielded  posit 
results. 

The  author  next  reports  five  cases  of  osteomyelitis.  With  ' 
majority  of  German  physicians  he  interprets  this  affection  as 
j)yemia  of  the  developmental  period.  It  is  rather  a  staphylopyen 
since  out  of  the  five  cases  the  aureus  was  found  three  times,  oi 
the  albus,  and  once  a  diplococcus.  Examination  of  the  bl< 
(luring  life  gave  positive  results  four  times.  In  a  last  group 
n^port  concerns  cholelithiasis;  the  pneumococcus  and  staphylococ 
were  found. 

*  Canon.     Zur  Aetiologie  der  Scpsic,  Pyiiiuie  und  Osteomyelites  auf  Grund  ba 
riologischer  Untersuchungen  dcs  Blutes.     Deutsche  Zeitschrift  f.  Chinirgie,  1894, 
XXX  vii. 
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Finally,  there  remain  those  cases  in  which  metastatic  foci  were 
developed  without  any  microbes  being  fomid  in  the  blood.  There 
are  cases  of  pure  pyemia  upon  which  Canon  does  not  dwell. 

Petmschky*  has  also  examined  59  cases  and  Sittmann  23  cases. 
From  these  researches  it  is  seen  that  the  microbes  most  frequently 
encountered  in  bacteremia  are  the  streptococcus  and  staphylococcus, 
next  comes  pneimiococcus,  and  then  colon  bacillus. 

Clinical  Evolution.  We  do  not  intend  to  describe  the  symptoms 
and  lesions  of  bacteremias;  we  shall  confine  our  remarks  to  a  few 
general  considerations,  the  clinical  history  of  these  infections  having 
long  since  been  known. 

Bacteremias  may  occur  under  two  quite  distinct  conditions. 
Sometimes  there  is  a  wound  or  a  previous  alteration;  sometimes  the 
organism  is,  or  appears  to  be,  normal.  The  first  group  includes 
puerperal,  surgical,  and  certain  medical  bacteremias,  notably  those 
arising  in  the  course  or  in  consequence  of  eruptive  fevers,  anginas, 
and  tuberculosis.  The  second  group  comprises  those  cases  in  which 
infection  may  be  considered  spontaneous  or  cryptogenetic.  Puerperal 
infections  are  most  frequently  caused  by  the  streptococcus.    Accord- 

• 

^to  Morse,  this  micro-organism  is  found  in  67  per  cent,  of  the  cases. 
"Hie  possibility  of  infection  by  the  staphylococcus  aureus  and  even 
by  the  gonococcus  has  also  been  demonstrated. 

Tlie  fact  that  the  streptococcus  is  so  frequently  concerned  in  puer- 
peral infection  has  confirmed  the  old  observation  of  clinicians  as  to 
the  relationship  between  this  disease  and  erysipelas.  It  should  not 
be  believed,  however,  that  a  puerperal  woman  suffering  from  erysip- 
elas is  condemned  to  develop  septicemia.  The  results  obtained  by  us 
^of  a  nature  to  render  the  diagnosis  far  less  pessimistic.^  Nineteen 
patients  affected  with  erysipelas  were  confined  in  our  wards  without 
the  occurrence  of  any  symptoms  of  importance.  The  prognosis  is 
^t  any  worse  when  erysipelas  supervenes  after  confinement.  We 
^ived  nine  women  under  these  conditions;  all  recovered  readily. 

There  is  also  a  category  in  which  puerperal  infection  appears  spon- 
^eously.  Although  the  number  of  such  cases  is  decreasing  with 
4e  advance  of  asepsis,  the  possibility  of  autogenic  infection  may  be 
*™tted.  The  microbes  develop  owing  to  a  profoundly  woakc^ned 
<^ndition  of  the  organism,  and  infection  is  then  prepared  by  digestive 

'Petiuachky.    Untarsuchungen  iiber  Infektion  mit  pyogenen  Kokken.    Zeitschr.  fiir 
^Jgiene,  1894. 
'  Roger.    iLtude  clinique  de  T^iysip^le.    Rev.  de  m6d.,  1896,  p.  236. 
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disturbances,  putrid  fennentations  in  the  intestine,  or  some  interci 
rent  affection,  as  well  as  by  the  retention  of  placental  remains.  1 
last-named  incident  is  of  frequent  occurrence,  and  gives  rise  to  put 
factions  under  the  influence  of  saprophytes;  the  products  thus  oi 
inated  favor  infection  considerably. 

We  will  not  dwell  at  length  upon  the  causes  of  surgical  infecti 
In  some  cases  the  wound  is  contaminated  with  germs,  and  gene 
infection  follows  at  once.  In  other  instances  a  local  lesion  is  f 
produced,  which  subsequently  gives  rise  to  general  infection.  Las 
infection  may  result  from  traumatism  unattended  by  i 
wound.  Facts  of  the  last  category  are  exceptional.  Wagner  ! 
reported  a  remarkable  example :  it  was  a  case  of  pyemia  consecut 
to  a  fall  upon  the  hip.  When,  however,  bacteremia  is  consecut 
to  a  wound,  it  is  not  at  all  necessary  for  the  latter  to  be  a  large  o 
serious  phenomena  have  been  seen  to  follow  slight  traumati 
Landois  cites  a  case  of  pyemia  following  a  leech  bite.  It  must 
acknowledged,  however,  that  infection  is  favored  by  all  causes  i 
produce  severe  attrition  in  soft  tissues.  Disinfection  of  such  wou 
is  difficult,  and  microbes  find  in  contused  and  altered  parts  conditi 
favorable  to  their  development.  Finally,  with  regard  to  surgica 
well  as  puerperal  infections,  the  dominant  etiological  factor  resi 
in  the  transportation  of  germs  by  the  hands  of  the  operator  or 
poorly  sterilized  instruments. 

The  last  gi'oup,  which  also  belongs  in  the  domain  of  surgery  i 
medicine,  comprises  those  cases  in  which  bacteremia  is  consecu* 
to  an  old  lesion,  for  instance,  suppurating  wounds  or  deep-ses 
lesions  which  scarcely  admit  of  disinfection.  It  has  already  b 
stated  in  connection  with  the  process  of  suppurations  that,  in  oi 
to  explain  generalization,  it  is  necessary  to  assiune  a  previous  m< 
fication  of  the  organism,  probably  through  the  agency  of  mien 
products  originating  in  the  primary  focus. 

If  we  now  pass  to  medical  affections,  we  likewise  see  that  thei 
no  constant  relation  between  the  gravity  of  the  primary  lesion 
its  tendency  to  generalization.  Cutaneous  suppurations,  noti 
those  of  smallpox,  alterations  of  the  tonsils,  intestinal  ulcerati 
lesioas  of  the  liver,  urinary  passages,  and  lungs,  are  the  most  freqi 
causes  of  infection. 

Lastly,  there  remains  the  group  of  cryptogenetic  septicemia 
which  general  infection  seems  to  occur  spontaneously.  This  gi 
may  be  divided  into  two  secondary  groups.    The  initial  lesion  sc 
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!       times  remains  unnoticed,  not  having  revealed  itself  during  life  by 
any  appreciable  symptom;  it  existed,  nevertheless,  and  was  found 
at  the  necropsy.    It  may  be  a  Aosceral  suppuration,  an  intestinal 
ulceration,  an  old  focus  within  some  gland,  etc.    There  are,  however, 
other  instances  in  which  the  most  searching  post-mortem  examina- 
tion reveals  no  previous  lesion — infection  has  been  effected  in  the 
absence  of  any  starting  point.    In  certain  cases  its  development  may 
be  accounted  for  by  a  previous  state  of  general  debiUty.    It  is  highly 
probable  that  penetration  of  microbes  into  the  system  occurs  con- 
stantly, but  they  do  mischief  only  when,  as  a  result  of  exhaustion 
from  oven^'ork,  or  cold,  or  some  other  cause,  the  organism  is  unable 
to  destroy  the  germs.    It  is  to  be  acknowledged,  however,  that  there 
are  cases  of  infection  which  defy  all  explanation — no  cause  can  be 
found  to  account  for  their  development. 

Infection  may  evolve  as  a  septicemia  without  any  localization, 
lie  disease  is  characterized  by  intense  initial  chills,  continued 
fever,  and  a  grave  general  state.  The  prognosis,  however,  is  often 
less  serious  than  in  cases  of  surgical  or  puerperal  septicemia. 

Prom  the  beginning  or  at  a  later  period  septicemia  may  become 

localized  in  a  viscus.   At  times  locaUzation  is  not  clear,  and  must  be 

^refully  looked  for,  or  it  may  seem  to  be  of  little  importance,  as  is 

tte  case  when  it  is  expressed  by  an  attack  of  albuminuria  or  the 

^velopment  of  an  erythema.     In  other  instances  visceral  localiza- 

^<>n  is  the  striking  feature,  while  the  septicemic  phenomena  tend  to 

Melioration.    In  such  cases  septicemia  represents  a  period  of  tran- 

^Won  leading  to  infectious  localization,  which  then  constitutes  the 

^^^^ease  and  develops  on  its  own  account.    It  is  not  rare  to  meet  with 

^ords  of  such  instances  in  which  general  infection  is  scarcely  referred 

^,  although  it  has  been  the  cause  of  the  localization  which  selects 

^^  heart,  vessels,  lungs,  or  the  liver,  and  may  result  in  ulcerative 

^docarditis,  arteritis,  phlebitis,  bronchopneumonia,  acute  nephritis, 

*"  dififuse  hepatitis. 

These  various  localizations  are  simply  of  an  inflammatory  nature ; 

^  other  cases,  however,  they  may  be  expressed  by  suppurative 

^sions ;  septicemia  then  terminates  in  pyemia.   It  is  certainly  difficult 

^  say  why  a  septicemic  pathogenic  agent  may  sometimes  give  rise 

'^o  suppuration.    Some  authors  assume  that  the  purulent  function 

^ady  denotes  a  certain  degree  of  reaction  on  the  part  of  the  system, 

^d  that  it  may  be  accounted  for  by  a  moderate  virulence  of  the 

^ectious  agent.    This  same  explanation  has  received  a  more  scien- 
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tific  formula.  According  to  Sittmann,  septicemia  is  of  a  toxi( 
infectious  nature;  it  occurs  when  bacteria  find  in  the  organism  c( 
ditions  favorable  for  the  production  of  poisons;  in  the  contrary  a 
the  bacteria  are  in  part  destroyed,  and  the  proteins  of  their  cadav 
excite  the  formation  of  pus. 

The  articular  localizations  of  pyemia  had  long  been  confounc 
with  articular  rheumatism  when  Lasfegue  and  Quinquaud  indiv 
ualized  them.  The  latter  author  has  described  them  under  the  na 
arthrito-suppurative  disease.  The  works  of  Prof.  Bouchard  a 
Bourcy  have  conclusively  established  the  nature  of  these  infectic 
pseudorheumatisms  which  sometimes  occur  in  a  primary  manner  a 
sometimes  appear  in  the  course  of  or  subsequently  to  the  most  vari 
infections.  What  essentially  characterizes  this  clinical  type  is  tl: 
the  process  im'^olves  only  a  small  number  of  joints;  the  lesions  ma 
fest  a  great  tendency  to  become  localized  by  preference  in  the  kn 
joint,  to  undergo  purulent  transformation,  or  terminate  in  ankyla 
This  Umitation  of  the  process  to  a  joint  contrasts  with  the  tender 
of  polyarticular  rheiunatism  to  affect  successively  various  joir 
Moreover,  sweating  and  polyuria  are  absent  in  the  former  instai 
and,  finally,  salicylate  of  soda  is  useless  in  such  cases. 

Pyemia  with  cutaneous  or  subcutaneous  determinations  is  1 
common.  In  the  former  case  infectious  erythemas  and  purpi 
develop,  with  formation  of  pustulae  and  bullsD  filled  ^\^th  pus.  Th 
is  a  clinical  type  in  which  the  eruption  of  pustules,  the  so-cal 
pustules  of  Colles,  arc  produced  after  an  abrupt  invasion  characi 
ized  by  chills,  fever,  and  rachialgia.  These  manifestations  subs 
when  the  eruption  appears.  The  latter  consists  of  small  pusti 
surrounded  by  a  red,  inflammatory  zone.  At  first  sight  variola  n 
be  suspected,  but  a  more  attentive  examination  will  enable  one 
differentiate  this  subepidermic  eruption  from  the  eruption  of  sm 
pox. 

As  an  illustration  of  pyemias  with  subcutaneous  determinati 
we  may  cite  an  observation  of  Broca :  A  woman,  aged  twenty-i 
years,  while  nursing  a  patient  with  er3"sipelas,  complained  of  mala 
ten  days  later  she  ha<l  chills  and  then  developed  multiple  phlegms 
Death  occurred  on  the  sixteenth  day,  and  the  necropsy  demonstr« 
the  absence  of  an}-  purulent  focus  in  the  viscera. 

Attenuated  Forms  of  Septicemias  and  Pyemias.  The  expressi 
septicemia  and  pyemia  suggest  the  idea  of  a  serious,  commonly  f 
process.     Along  with  the  acute  forms,  however,  should  be  classc 


SEPTICEMIAS  AND  PYEMIAS.  26& 

certain  number  of  cases  in  which  the  process  becomes  locaKzed  and 
tends  to  resolution.  The  manifestations  may  even  be  of  an  ephem- 
eral character.  Traumatic  fever  and  milk  fever  are  nothing  but 
septicemic  fevers  so  benign  as  to  subside  in  twenty-four  or  forty- 
eight  hom^.  The  same  is  true  as  regards  certain  urinary  fevers  of 
very  short  duration. 

Tliese  remarks  are  also  applicable  to  pyemias.  Although  the  forms 
in  which  numerous  visceral  foci  exist  are  necessarily  fatal,  there  are 
also  benign  forms  in  which  localization  takes  place  in  some  tissue, 
for  instance,  in  a  joint,  and  in  which  cure  is  effected  by  a  surgical 
operation.  Even  in  grave  cases  of  generaUzed  infections  recovery  has 
sometimes  been  obtained.  It  is  mostly  in  septicemia  without  pro- 
fomid  cellular  lesions  that  this  happy  result  can  be  seen.  In  cases 
of  generalized  visceral  pyemia  attenuation  or  even  destruction  of  the 
agent  avails  nothing;  the  patient  succumbs,  not  to  the  infection,  but 
to  the  \Tsceral  lesions  resulting  therefrom. 

Variola,  Pyemia  and  Septicemia. 

The  relations  existing  between  septicemias  and  pyemias  are  clearly 
evidenced  by  the  study  of  a  specific  infection,  variola. 

ITie  virus  penetrates  into  the  organism,  probably  through  the 
'^iratory  passages  and  invades  the  blood.    Then  reactionary  mani- 
fetations  of  extreme  violence  appear.    If  the  virus  is  very  energetic 
"produces  profound  cellular  lesions  and  marked  alterations  in  the 
*^'ood.   Erythemata,  purpura,  hemorrhages  in  the  skin,  mucous 
^^mbranes,  and  principal  organs  are  among  the  frequent  events, 
^le  individual  succumbs  in  the  absence  of  any  tendency  to  suppu- 
ration.   It  is  a  case  of  genuine  hemorrhagic  septicemia. 

If  the  virus  is  less  powerful,  the  expulsion  of  the  parasite  may  be 
Effected.  The  organism  eliminates  it  through  the  mucous  mem- 
^''^es  and  the  skin,  and  papules  appear  at  the  various  points  by 
^hich  the  microbes  are  rejected.  A  struggle  is  begun  against  the 
pathogenic  agent  which  results  in  the  formation  of  pustules.  There 
^  Ho  intervention  on  the  part  of  pyogenic  cocci  ever  present  in  the 
^Ucous  membranes  and  integuments;  suppuration  is  due  to  the 
^P^c  agent  which  thus  gives  rise  to  a  pyemia  with  cutaneous 
^^termination. 

Between  the  two  extreme  types  there  are  numerous  transitions. 
"1  certain  cases,  in  the  com-se  of  variolar  septicemia,  the  organism 
Qiakes  a  last  effort  which  is  expressed  by  the  development  of  a  few 
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irregularly  distributed  pustules.  On  the  other  hand,  a  suppurati 
variola  may  become  modified  in  its  progress  by  the  occurrence 
secondary  hemorrhages.  Lastly,  there  exist  some  mixed  cases 
infection  in  which  pustules  and  hemorrhages  make  their  appearai 
synchronously. 

These  facts  lead  us  to  the  conclusion  that  the  pustules  are  1 
result  of  the  struggle  against  the  parasite.  T\Tien  the  virus  is  v< 
active  the  eruption  is  not  produced;  the  patient  succumbs  to  hem 
rhagic  septicemia.  In  fact,  out  of  forty  patients  with  primi 
hemorrhagic  variola  admitted  into  our  wards,  none  recovered. 

In  cases  of  pustular  variola,  the  eruption  is  intense  in  proporti 
to  the  abundance  of  the  virus.  From  cases  with  confluent  pustu 
down  to  those  in  which  the  pustules  are  extremely  rare  or  altogetl 
absent,  there  are  numerous  intermediate  degrees.  The  cases  w 
no  eruption  are  recognized  only  at  the  time  of  an  epidemic.  . 
individual  who  has  been  exposed  to  contagion  sufiFers,  fifteen  di 
later,  from  chills,  fever,  and  rachialgia.  Four  days  later  the  sjm 
toras  tend  to  disappear  without  the  appearance  of  eruption.  W 
it  not  for  the  etiological  data  derived  from  the  circiunstances 
diagnosis  would  be  impossible.  These  facts  were  known  to  anci( 
clinicians.  Modern  hematological  researches  have  demonstral 
their  reality  beyond  all  doubt  by  showing  in  the  blood  the  presence 
the  special  mononucleosis  which  is  characteristic  of  variolar  infecti- 

The  ideals  above  expressed  do  not  agree  with  the  opinions  of  cert, 
authors  who  attribute  to  secondary  infections  a  primordial  r61e 
the  evolution  of  variola.  Some  explain  in  this  manner  the  purul( 
transformation ;  others  admit,  with  Hlava,  that  hemorrhagic  vari 
is  due  to  microbic  association;  superadded  bacteria  are  supposed 
modify  the  course  and  aspect  of  the  disease.  It  is  true  that  pyoge 
bacteria  are  always  found  in  the  pustules,  at  least  at  an  advan( 
stage  of  their  evolution,  and  that  the  streptococcus  is  constan 
detected  in  the  blood  and  organs  at  the  necropsy.  In  cases 
hemorrhagic  variola  this  microbe  is  at  times  detected  in  the  bk 
during  life.  Hence,  some  bacteriologists  considered  the  strep 
coccus  as  the  specific  agent  of  the  disease  and  designated  it 
variolococcus.  The  author  believes  too  much  importance  is 
corded  to  this  microbe,  which  must  be  looked  upon  simply  a 
superadded  agent  aggravating  the  prognosis.  He  does  not  reg 
it  as  the  cause  of  the  suppuration,  since  pustules  may  contain 
streptococci.    He  has  often  examined  or  sown  the  pus  without  be 
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able  to  detect  any  bacteria  which  could  be  stained  or  cultivated  by 
our  present  methods.  In  one  case  blood  was  drawn  one  hour  before 
death  from  the  vein  of  the  elbow  of  a  patient  suffering  from  primary 
hemorrhagic  variola,  and  neither  the  streptococcus  nor  any  other 
bacterium  was  found.  Pyogenic  bacteria  may  likewise  be  absent 
from  even  suppurative  \'isceral  lesions. 

On  the  other  hand,  experimentation  demonstrates  that  the  pus 
and  at  times  the  blood  are  \nrulent.  Their  inoculation  into  the 
rabbit  is  followed  by  the  development  of  a  fatal  disease  which, 
under  certain  conditions,  may  be  transmitted  in  series.  The  blood 
of  the  inoculated  animals,  taken  during  life,  proves  virulent, 
although  it  is  also  devoid  of  bacteria. 

Rejecting  the  bacterial  origin  of  variola,  we  are  led  to  the  question 
Aether  this  disease  is  not  due  to  special  parasites,  and  notably  to 
tte  protozoa  that  have  been  described  by  a  few  authors. 

Microbiology  of  Variola.    Dr.  Renaut  was  the  first  to  point  out, 
^  1881,  special  corpuscles  in  the  pustules  which  he  held  to  be  para- 
sites  and  to  which  he  attributed  a  mechanical  action  in  the  formation 
<>f  the  cutaneous  cavity.    Van  der  Loefif  gave  a  fairly  exact  descrip- 
tion of  these  elements  and,  about  the  same  time,  L.  Pfeiffer,  widening 
^^  range  of  the  debate,  published  a  series  of  highly  interesting 
^^ches  upon  the  r61e  of  protozoa  in  the  development  of  infections 
^d  notably  in  vaccinia  and  smallpox.    Guarnieri  inoculated  the  pus 
^'  variola  or  the  fluid  of  vaccinia  into  the  cornea  of  the  rabbit;  a 
^^tule  developed,  the  study  of  which  showed  strange  figures  inter- 
^^ted  by  the  author  as  the  various  phases  of  the  evolution  of  the 
Parasite.    From  that  time  onward  various  contributions  appeared, 
^^d  now  there  is  general  agreement  as  to  the  presence  of  small 
special  elements  in  the  fluids  of  variola  or  vaccinia.    It  was  rela- 
^Vely  easy  to  see  these  corpuscles,  but  difficult  to  determine  their 
Mature  and  significance.    WTiile  the  above-mentioned  authorities 
Considered  them  as  parasites,  others  could  not  see  in  them  anything 
^^t  sunple  nuclear  detritus.    Such  was  the  opinion  of  Salmon,^  to 
"^tom  we  owe  a  remarkable  work  of  experimental  criticism  on  this 
^^bject. 

From  the  very  beginning  of  our  researches  on  variola^  we  have 

Salmon.  Recherches  siir  riofection  dans  la  vaccine  et  la  variolc.  Annales  de 
^Tn«titut  Pasteur,  April,  1897. 

Hoger  and  Weil.  Inoculabilit^  de  la  variole  hiunaine  au  lapin.  Soc.  de  biologic, 
*»oveinber  10,  1900.  Recherches  microbiologiques  sur  la  variole.  Ibid.,  November 
^^'  1900.     Becberches  sur  le  parasite  de  la  variole,  Presse  m(^d.,  November  28,  1900. 
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noticed  these  special  elements,  and  we  have  constantly  obser 
them  in  both  man  and  inoculated  animals. 

It  is  not  easy,  however,  to  recognize  these  special  elements.  S( 
of  them  are  very  small  and  do  not  measm'e  more  than  l/i;  they  i 
then  be  confounded  with  micrococci.  The  largest  elements  atta 
length  of  3/^  and  simulate  leucocytes.  They  are  likewise  foun( 
the  blood,  even  in  cases  of  varioloid.  They  are,  however,  n 
numerous  in  grave  cases  and  particularly  abundant  in  hemorrh 
forms.  And  yet,  even  in  the  latter  case,  it  is  often  necessarj 
examine  the  preparation  for  a  long  time  and  search  several  field 
the  microscope  in  order  to  detect  a  single  element.  In  the  her 
rhagic  forms  the  corpuscles  are  present  in  all  extravasationi 
blood,  in  hematoma,  and  in  the  urine  in  the  case  of  hematuria; 
necropsy  reveals  their  presence  in  the  various  organs,  especiall; 
the  spleen  and  bone-marrow. 

Without  dwelling  upon  all  the  arguments  which  tend  to  den 
strate  that  these  corpuscles  are  not  cellular  detritus,  we  shall  men 
two  necropsies  which  we  had  the  opportunity  of  making  at  the  be 
ning  of  our  researches.  Two  pregnant  women,  one  of  five  and 
other  of  six  months,  having  died  from  confluent  variola,  w^e  took 
amniotic  fluid  which,  in  both  instances,  was  clear  and  transpar 
Microscopic  examination  showed  no  leucocytes,  but  only  desc 
mated  epidermic  cells  originating  from  the  fetus  and  a  consider 
number  of  corpuscles;  we  had  never  seen  such  a  great  numbe 
them.  As  the  possibility  of  leucocytic  detritus  was  precludec 
seemed  to  us  rational  to  admit  that  we  were  in  the  presence  of  p 
sites  that  had  invaded  the  fetuses,  in  whose  bodies  a  great  quar 
of  them  was  found,  and  had  contaminated  the  amniotic  fluid, 
motility  of  theses  elements  in  the  amniotic  fluid  further  confirmed 
view.  They  moved  here  with  sufficient  rapidity,  while  their  m 
ment  was  not  clear  enough  in  the  pus. 

In  order  to  be  able  to  conclusively  determine  the  nature  and 
of  the  corpuscles,  it  was  necessary  to  resort  to  experimentation 

Experimental  Variola  of  the  Rabbit.  We  looked  for  an  an 
sensitive  to  the  variolar  virus,  and  we  found  the  rabbit  to  be  s 

If  variolar  pus  free  from  bacteria  and  containing  corpuscles 
is  inoculated  into  a  rabbit,  the  result  is  usually  a  fatal  disease 
the  inoculation  is  made  into  the  anterior  chamber  of  the  eye,  a  t 
exudate  generally  occurs  at  the  end  of  twenty-four  or  forty-( 
hours,  and  heals  up  in  five  or  six  days.    In  spite  of  the  disappear 
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of  the  local  lesion  the  aninial  continues  to  emaciate  and  dies  on  the 
tenth  to  the  twentieth  day  after  inoculation.  If  the  pus  is  introduced 
beneath  the  skin  or  injected  into  the  veins,  death  supervenes,  as  in 
the  previous  instance,  at  the  end  of  two  or  three  weeks. 

The  disease  thus  produced  differs  from  human  variola.  The  ele- 
ment which  seems  to  be  characteristic — i.  e.,  the  pustule — and  which 
only  exceptionally  is  absent  in  man  is  seldom  observed  in  rabbits. 
In  three  instances  we  saw  a  few  papules  develop  on  the  fourth  day 
in  the  region  corresponding  to  the  subcutaneous  inoculation,  and 
then  resolve  in  forty-eight  hours.  In  one  instance  the  eruptions  were 
Dftore  profuse,  about  twenty  in  number. 

It  is  not  without  interest  to  note  that,  although  the  variola  of  the 
rabbit  differs  from  that  of  the  human  adult,  it  resembles  the  variola 
of  the  newborn.  Children  born  of  contaminated  mothers  succmnb 
to  a  slow  septicemia.  At  times  the  eruption  is  altogether  absent ; 
ffl  other  cases  there  are  but  a  few  disseminated  papules  which,  Uke 
those  of  the  rabbit,  become  covered  with  a  crust  and  desiccate  with- 
out suppurating. 

Bacteriological  examination  frequently  reveals  in  man,  as  a  super- 
^ded  bacterium,  the  streptococcus,  more  rarely  the  pneumococcus, 
^hile  in  animals  a  large  bacillus  is  generally  found.  It  is  important 
to  remark,  however,  that  in  two  out  of  every  three  cases,  no  microbe 
^atever  can  be  detected  in  the  inoculated  animals,  while  the  cor- 
puscles are  constantly  found.  These  possess  the  same  appearance 
*ud  characters  as  in  man. 

The  presence  of  these  pecuUar  elements  establishes  a  new  analogy 
*tween  human  and  animal  variola.  This  is  not,  however,  abso- 
lutely demonstrative  of  the  parasitic  nature  of  the  corpuscles,  since 
It  may  be  argued  that  the  phenomenon  is  one  of  special  alteration 
Produced  in  the  cells  of  the  organism  by  the  variolar  A^rus.  It  was, 
"^erefore,  necessary  to  follow  the  development  of  these  corpuscles 
^^tside  the  animal  system. 

Ovation  of  the  Ificrobe  of  Variola.  We  first  studied  what 
^curs  when  the  blood  of  the  infected  animal  is  placed  in  the  incu- 
•^tor  at  a  temperature  of  100.4°  F.  (38°  C.)  for  twenty-four  hours. 
At  the  end  of  this  period,  microscopic  examination  showed  that  the 
number  of  the  corpuscles  was  considerably  increased.  Still  the 
^crease  was  restricted  and  could  not  be  compared  with  the  rapid 
DJultiplication  of  bacteria. 
The  next  point  requiring  investigation  was  whether  the  corpuscles 
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which  multiplied  in  the  blood  taken  from  the  infected  animal  co 
equally  develop  in  the  blood  of  normal  animals.    Starting  with  t^ 
blood  of  an  infected  rabbit  that  had  been  kept  in  the  incubator  r- 
forty-eight  hours,  we  once  obtained  eighteen  successive  cul 
The  corpuscles  readily  developed  in  them,  retaining  their  pri 
characters,  except  that  they  were  somewhat  larger  in  size,  2,5fJL 
at  times  3//. 

It  seems,  therefore,  reasonable  to  conclude  that  these  elements 
true  parasites.  It  is  hardly  necessary  to  add  that  we  have  o 
assured  ourselves  that  the  blood  of  normal  rabbits  submitted  to 
same  process  never  presents  such  corpuscles. 

A  last  point  to  be  settled  by  experimentation  still  remained,  \'i 
the  effects  produced  in  rabbits  by  the  inoculation  of  our  cultures — 

We  made  the  same  experiments  as  with  the  pus  of  variola,  to  wir 
we  inoculated  into  the  anterior  chamber  of  the  eye,  beneath  the  s 
and  into  the  veins,  with  substantially  the  same  local  and  genera 
results,  including,  in  some  cases,  the  production  of  a  small  num 
of  papules,  and  terminating  in  death  within  a  period  of  fifteen  t^^ 
thirty  days. 

Conclusions.    Such  are  the  results  obtained  by  the  experiments^ 
study  of  variola.    Although  numerous,  our  observations  and 
searches   are  insufficient  and  incomplete.     We  may,  nevertheles^S'i^^ 
draw  some  conclusions  from  the  accumulated  facts. 

As  the  corpuscles  multiply  outside  the  organism,  in  the  blood  c 
infected  animals,  and  even  in  defibrinated  normal  or  incoagulab 
blood,  there  is  no  logical  escape  from  the  conclusion  that  we  ha\^ 
to  deal  not  with  altered  cells,  but  a  parasite,  probably  a  sporozoo 
especially  when  we  remember  the  fact  that  these  corpuscles  are  als 
found  in  the  amniotic  fluid. 

Although  as  yet  incomplete,  our  experiments  have  some  practic^^t-  - 
bearings.     The  parasites  which  we  studied  being  invariably  presence 
in  variola  patients,  we  have  been  able,  according  as  they  were  presei^r:^ 
or  absent  in  cases  of  doubtful  diagnosis,  to  admit  or  reject  the  variola^^^- 
nature  of  the  disease,  and  our  conclusions  were  confirmed  by  th 
ulterior  evolution  of  the  cases.    We  must  remark  that  variola  is  no  ^ 
the  only  infection  in  which  these  elements  are  encountered ;  siniilai^ 
agents  are  also  found  in  cases  of  vaccinia  and  varicella.    This  doei 
not  necessarily  mean  that  these  infections  are  all  due  to  a  uniqu 
agent,  or  that  they  are  to  be  considered  as  various  forms  of  the  samc^' 
disease.    These  results  merely  incUcate  the  relationship  of  the  patho— -^ 
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genie  agents.  Clinical  observers  have  long  been  able  to  compare 
certain  eruptive  fevers  to  variola.  As  is  generally  the  case  in  such 
matters,  the  analogies  were  first  seen.  Variola  and  varicella  have 
for  a  long  time  been  identified.  The  identity  of  variola  with 
vaccinia  has  long  been  and  is  still  a  subject  of  controversy.  The 
microbiological  study,  in  its  present  stage  of  development,  shows 
rather  resemblances;  later  on  it  will  reveal  dififerential  characters. 


CHAPTER  X. 

NODULAR  INFECTIONS. 

Mode  of  Development  and  Signification  of  Infectious  Granulations.    Infectious  NodiaJA' 
Microscopic   and   Macroscopic  Nodules.     Glanders.     Characters  of  the  Graii.«xJt* 
tions  of    Glanders;    Their  Analogy  to    Suppurative  Lesions    and    to  TuberdH* 
General  Considerations  on  the  Bacteriology,  Etiology,  and  Nosology  of  Gland'd*' 
Tuberculosis.      Characters  of    the  Tubercle  Bacillus.      Mode  of    PropagatioD.     ^ 
Tuberculosis.      Pathological    Anatomy  of   Tubercle.      Histogenesis.      Tubere^aalv 
Toxins.     Sensitive  and  Refractory  Animals  with  Regard  to  Tuberculoeia.    Tal:'*'' 
culosis  of  Various  Mammalia.     Avian  Tuberculosis.     Tuberculosis  of  the  Qml&^V! 
its   Relation  to  Human  Tuberculosis.      Tuberculosis  of  the  Psittaci.      Unit^   ^ 
Tuberculosis.       Pseudotuberculosis.       Study    of      Bacillary     Pseudotuberculu^^* 
Oidiomycosis  or  Endomycosis.     Biology  of  the  Oidium  Albicans;  its  ActioiL      ^ 
Man  and    Animals.      Oidian  Granulations.      Oidian    Toxins.      Vaccination    ^^ 
Modification  of  the  Serum  in  Animals  Vaccinated  against  the  Oidium  AlbuM^^* 
Infections    Produced   by  Yeasts.      Actinomycosis.      Characters  of    the 
Etiology  of  Actinomycosis;   its  Characters  in  Animals  and  in  Man.     The 
Pathogenic  Streptothrixs.     Infections  Due  to  Mucedinie  and  Aspergillus.     R<^^^* 
tion  between   Tumors   and   Infections.      Inflammatory  Timiors.      Elxperimex^-^ 
Tumors. 

The  development  of  microbie  colonies  often  becomes  a  point  of 
attraction  for  wandering  cells  which  accumulate  in  the  form  of 
microscopic  nodules.  These  are  the  infectious  nodules,  for  the  knov^l" 
edge  of  which  we  are  indebted  to  Friedrich  and  E.  Wagner.  Th.  ^J 
are  considered  by  many  authorities  to  be  accumulations  of  ce?^  1^ 
surrounding  and  circumscribing  a  microbie  focus.  This  concepti^cDi 
is  inexact,  since  such  formations  may,  experimentally,  be  obtain^^ 
especially  in  the  liver,  by  injection  of  toxins.     I  have  noted,  1^3' 

instance,  that  the  soluble  products  of  the  B.  septicus  puiidus  gi ^ 

rise  to  the  development  of  nodules;  the  only  difference  lies  in  t"^^ 
fact  that  the  nodules  then  appear  more  rapidly  than  in  anim^-  - 
infected  by  living  cultures. 

These  nodules  are  held  to  be  formed  by  round,  indifferent  eel 
at  times  designated  under  the  improper  name  of  embryonal  eel 
which  are  sometimes  supposed  to  have  originated  on  the  sp^  ' 

sometimes  to  have  migrated  from  the  vessels.     Investigations  ha ^ 

convinced  me,  however,  that  the  constitution  of  these  nodules 
far  more  complex  and  varies  according  to  the  disease  considere****^* 
These  productions  may  be  expressed  in  cytological  formulae  exacts  '^ 
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corresponding  to  those  of  the  blood.    Thus  in  variola^  the  nodules 

of  the  Uver  are  constituted  by  more  voluminous  mononuclears. 

Some  have  a  clear  nucleus  surrounded  by  a  protoplasm  which  can 

be  deeply  stained ;  others  contain  a  dark  nucleus  and  a  variable 

amount  of  indifferent  protoplasm.    These  cells  are  mingled  with 

connective  tissue  cells.    The  granular,  inconstant  cells  are,  in  some 

instances,    quite   numerous:    these   are  eosinophilic   polynuclears, 

neutrophilic  mononuclears,  and  a  few  neutrophilic  polynuclears. 

Thus  the  same  elements  are  found  in  the  variolar  nodules  as  in  the 

hematopoietic  organs,  a  fact  which  leads  to  the  question  whether 

these  nodules  express  a  defensive  reaction  capable  of  arousing  a 

cytopoietic  function  which  seemed  to  be  extinct. 

The  diseases  characterized  by  granulations  establish  a  transition 
between  pyogenic  infections  and  neoplasms.  Certain  pseudo- 
tuberculoses resemble  genuine  tuberculosis  in  their  macroscopic 
characters;  histological  examination  shows,  however,  that,  in  the 
former  case,  the  granulation  is  simply  made  up  of  a  mass  of  unaltered 
^und  cells. 

The  history  of  tuberculosis  furnishes  a  remarkable  illustration  of 
4e  relations  existing  between  suppurations,  granulations,  and  neo- 
plasms. In  a  certain  number  of  cases  Koch's  bacillus  gives  rise  to 
^Id  suppurations ;  it  acts  like  a  simple  pyogenic  agent.  By  a  more 
energetic  action,  it  causes  the  formation  of  tubercles,  the  structure 
of  which  is  far  more  complex  and  characterized  by  the  development 
of  epithelioid  and  giant  cells.  It  is  almost  a  tumor.  In  certain 
animals  the  neoplastic  evolution  is  complete ;  in  the  dog,  tuberculosis 
^  expressed  by  productions  presenting  the  appearance  of  sarcoma 
^d  lymphadenoma.  Microscopic  examination  alone  is  not  suf- 
ficient to  reveal  the  nature  of  these  tumors ;  in  order  to  demonstrate 
^eir  tubercular  origin  it  is  necessary  to  resort  to  inoculation. 

In  the  same  order  of  ideas  we  may  cite  actinomyces  which  some- 
"Hies  produces  suppurating  foci,  and  sometimes  lesions  that  have 
'ong  been  confounded  with  sarcoma. 

Ill  fact,  it  is  well  knoi^Ti  that  the  most  conmionplace  inflammatory 
"^ons  may  be  followed  by  the  development  of  a  cancer.  It  is 
hardly  necessary  to  refer  to  the  transitions  which  relate  simple 
?^tritis  to  polyadenomata  and  epitheliomata  of  the  stomach.  The 
^  of  relationship  may  thus  be  followed  through  these  various 

*^;er  and  Weil.    Note  sur  les  nodules  infectieux  du  foie  dans  la  variole.     Soc.  de 
***^e,  November  3,  1900. 
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morbid  processes.  I  had  the  opportunity  to  observe  an  experi- 
mental fact  comparable  thereto.  The  inoculation  of  the  staphylo- 
coccus aureus  into  the  thyroid  artery  gave  rise  to  the  development 
of  a  true  tumor.  I  by  no  means  wish  to  affirm  the  infectious  origin 
of  cancer.  I  believe,  nevertheless,  that  these  few  examples  suffice 
to  show  the  reason  why  I  place  nodular  diseases  in  a  separate  class 
forming  a  transition  between  purulent  infections  and  tumors. 

Now,  if  we  consider  the  entire  group  of  diseases  characterized  by 
granulations  or  nodules,  we  find  the  following  in  their  order  of  in- 
creasing complexity: 

Glanders,  which  is  rather  akin  to  purulent  infections; 

Bacterial  pseudotuberculosis ; 

Mycotic  pseudotuberculoses ; 

True  tuberculosis,  and 

Actinomycosis. 

Glanders. 

Glanders  is  a  virulent,  contagious,  and  inoculable  disease,  occurring 
particularly  in  the  horse,  the  ass,  and  the  mule,  and  may  accidentally 
be  transmitted  to  various  other  animal  species  as  well  as  to  man. 

Although  one  disease  by  nature,  glanders  may  appear  under 
various  clinical  aspects. 

Biology  of  the  Bacillus.  The  bacillus  of  glanders  appears  in  the 
form  of  small,  straight,  or  sUghtly  curved  rods,  with  rounded  ends. 
It  is  non-motile  or  endowed  wdth  simple  molecular  movements.  K 
is  very  much  like  the  bacillus  of  tuberculosis,  but  is  a  little  thicker, 
measuring  from  2/i  to  5//  in  length  and  0.2/i  to  0.5//  in  breadth.  It 
is  readily  stained  by  various  aniline  dyes,  particularly  by  alkaline 
solutions,  but  is  decolorized  by  Gramas  as  well  as  by  Weigerts 
method. 

Being  a  facultative  anaerobic,  the  bacillus  of  glanders  readily 
develops  in  the  various  media  employed  in  bacteriology,  provided, 
however,  it  is  placed  at  a  sufficiently  high  temperature — i.  6.,  ^^ 
98.6°  or  100.4°  F.  (37°  or  38°  C).  A  temperature  of  131°  F.  (55°  C) 
destroys  the  culture.  According  to  Babes,  the  bacillus  taken  from 
man  or  the  horse  does  not  develop  except  upon  potatoes  or  ^ 
bouillon ;  it  can  grow  in  agar-agar  only  after  it  becomes  habituated 
to  these  media. 

The  bacillus  of  glanders  can  hardly  resist  the  causes  of  destruction 
— exposure  to  air,  sunlight,  and  heat,  putrefaction,  etc.     The  secre- 
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(JUS  of  glandered  animals  rapidly  lose  their  virulence;  the  pus 
jrinly  spread  and  placed  in  a  confined  enclosure  becomes  inactive 
U  Oie  end  of  two  days,  while  in  the  central  parts  of  an  organ  the 
limlence  may  persist  for  twenty-six  days  (Cad^ac  and  Mallet).    The 

tullures  resist  longer,  for  a  period  of  thrt-e  or  four  montlis  (Ijoeffler), 
iiiimlE  Sensitire  or  Refractory  to  Ol&nders.    The  animaUi  most 

Bible  to  contract  glanders  are  the  horse,  the  ass,  tlie  mule.  Sheep 
i»ini goals  also  contract  it  easily,  even  spontaneously.    The  bovidse 

re  cumpletely  immune. 
Au  ulcer  which  extends  a  little  and  then  cicatrizes  and  heals  is 

ofisen'ed  at  the  point  of  inociilation  in  the  dog.  The  cat  is  liighly 
'wusitive  to  glanders;  at  the  end  of  eight  days  its  articulations 
■lov  invaded,  and  it  often  succumb-s  witliin  two  weeks  (Lisitcyn). 

iTie  disease  has  also  been  observed  in  wild  animals  nourished  in 
•fnageries  with  contaminated  meat. 

Among  the  small  animals  we  will  cite  the  guinea-pig,  which  has  a 
pmnoiuiced  receptivity.  The  rabbit  is  far  less  sensitive  than  the 
piinea-pig.  With  the  various  species  of  mammalia,  inoculation 
Bio  the  nerve  centres  offers  a  very  sure  procedure  for  communicating 
filers.  Success  is  thus  obtained,  even  with  refractory  animals; 
Hiile  in  those  which  are  susceptible,  a  disease  with  a  particularly 
[lave  and  r^id  evolution  appears,  and  the  virulence  of  the  bacillus 
I  foimd  to  be  ejcalted. 

Birds  are  very  slightly  sensitive  to  glanders;  they  might  even  be 
•W  to  be  refractory,  excepting  the  pigeon,  the  immunity  of  which 
I  incomplpte. 

ftiology.  It  was  for  a  long  time  admitted  that  glanders  may 
Bpnste  spontaneously,  at  least  in  the  horse.  At  present  it  is  known 
ul  tiis  disease  cannot  occur  except  by  contagion,  either  through 
*tiimoculatwJi,  or  through  injection.  It  is,  nevertheless,  certain 
■K  a  predisposition  is  created  by  a  great  many  causes— fatigue, 
■d  nourishment,  defective  hygiene,  etc. 

■Man  hardly  ever  contracts  the  disease  from  any  other  animal 
*i  the  horse;  it  is,  therefore,  conceivable  that  it  should  be  rare 
"iflne  w"oraen;  of  the  latt«r  sex  BolUnger  finds  only  6  out  of  a  total 
1 120  cases. 

Since  glandered  horses  are  now  being  slaughtered,  the  frequency 

the  disease  has  been  rapidly  declining.  The  persons  affected 
(  naturally  those  working  about  horses — hostlers,  veterinarians, 
Bipjs.  and  the  like. 
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In  some  instances  the  disease  has  been  communicated  by  biti 
(H.  Landouzy).  The  result  is  not  always  positive,  and  everyc 
remembers  that  CI.  Bernard  experienced  no  disturbance  after  bei 
bitten  by  a  glandered  horse  in  the  course  of  his  experiments. 

It  has  even  been  admitted  that  the  virus  at  times  may  penetra 
through  the  intact  skin.  The  experiments  of  Babes  tend  to  suppc 
this  view.  This  author  has  seen  a  few  guinea-pigs  contract  t 
disease  after  a  salve  containing  virulent  bacilU  was  rubbed  into  i 
healthy  skin.  Penetration  is  effected  through  the  cutaneous  glaii( 
Arrazat  reported  an  observation  in  which  glanders  caused  dea 
in  ten  days,  and  no  woimd  of  inoculation  was  discoverable, 
follows  from  Nocard's  investigations,  however,  that  the  absolute 
healthy  skin  does  not  allow  penetration — rubbing  practised  up 
three  asses  remained  ineffective.  Operating  in  the  same  manD 
upon  fifteen  guinea-pigs,  this  author  found  that  only  two  contract 
the  disease,  which  latter  result  he  attributes  to  the  presence  of  su 
abrasions  as  may  easily  escape  detection. 

The  mucous  membranes  may  similarly  serve  as  routes  of  per 
tration.    There  are  on  record  several  observations  in  which  hon 
shoers  contracted  the  malady  by  drinking  from  the  same  pail 
their  horses,  or  wiping  their  noses  with  the  rag  which  had  been  U8 
to  cleanse  the  nostrils  of  the  diseased  animals. 

Tlie  ingestion  of  infected  flesh  has  communicated  the  disease,  t 
bacilli  penetrating  through  the  buccal  or  intestinal  mucous  mei 
branes.  Bollinger  affirms  that  the  respiratory  apparatus  is  anoth 
portal  of  entrance,  especially  in  those  cases  in  which  general  sym 
tonis  precede  local  manifestations. 

Pathological  Anatomy.  The  granulation  of  glanders  occupies  i 
intermediate  position  between  suppuration  and  tubercle.  In  acu 
cavses  it  resembles  rather  suppurating  lesions ;  in  chronic  cases  it 
analogous  to  tubercular  lesions. 

The  histological  study  of  glanders  has  chiefly  been  made  up< 
lesions  experimentally  produced.  The  best  descriptions  are  the 
given  by  Baunigarten,  Leclainche  and  Moutane,^  and,  above  a 
by  Leredde.^  The  first  phenomenon  is  represented  by  an  inti 
vascular  accumulation  of  polynuclear  leucocytes;  the  latter  sei 
u]3on  the  bacilli  and  arrive  in  such  large  numbers  that  they  obstn 

*   Leclainche  and  Moutan^.     Etude  sur  ranatoinie  pathologique  de  la  mon'e  \ 
monaire.     Aiinales  de  I'lnstitut  Pasteur,  1893. 

I^eredde.     Etude  sur  ranatomie  patholog.  de  la  mor\'"e.    Th^se  de  Paris,  1893. 
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the  capillaries  in  which  they  accumulate.  Thus  is  constituted  an 
embryonal  nodule.  The  cells  then  undergo  degeneration,  their 
nuclei  break  up,  and  their  protoplasm  becomes  caseous.  The  bacilli 
thus  liberated  are  taken  up  by  the  vascular  endotheUal  cells,  which 
become  tumefied.  K  the  evolution  continues,  new  leucocytes 
assemble  around  the  central  caseous  mass. 

In  chronic  cases  mononuclear  leucocytes  take  part  in  the  process. 
A  sclerotic  tissue  develops  which  may  be  composed  of  small,  caseous 
masses  and  giant  cells  formed  at  the  expense  of  mononuclear  leuco- 
c}1es.  Owing  to  these  cells,  the  histological  constitution  of  the 
lesion  resembles  the  tubercular  process. 

This  brief  description  shows  that  the  nodule  of  glanders  is  essen- 
tially formed  of  wandering  cells:  first,  polynuclear;  subsequently, 
mononuclear.  Contrary  to  the  opinion  of  Bamngarten,  who  attributed 
to  them  the  main  r61e,  the  fixed  cells  of  the  tissues  play  a  very 
limited  part  in  the  process. 

Taberculosis. 

Ihe  definition  of  tuberculosis*  is  at  present  fm*nished  by  the 
pathogenic  conception.  It  is  the  disease,  or  rather  all  the  lesions, 
pnxluced  by  Koch's  bacillus.  The  knowledge  of  the  pathogenic 
^nt  has  made  it  possible  to  trace  a  series  of  apparently  dissimilar 
fflAnifestations  to  their  true  cause  and  to  demonstrate  the  relation- 
ship existing  between  the  tuberculosis  of  man  and  that  of  animals. 

Kology  of  the  Bacillus.  It  is  difficult  to  obtain  a  first  culture  of 
tubercle  bacillus.  Either  the  organs  of  a  guinea-pig  inoculated  with 
human  tuberculosis  are  taken  as  a  point  of  departm*e,  or,  as  Koch 
*nd  Kitasato  have  proposed,  a  particle  from  the  central  portion  of 
*  mass  of  sputum  is  used.  The  cultm*es  grow  better  in  gelatinized 
^nim  than  in  any  other  medium.  At  the  end  of  ten  or  fifteen 
^ys  colonies  appear  which  soon  assume  the  form  of  well-isolated, 
^tish  or  yellowish  masses,  composed  of  dry,  roughened  pellicles, 
t  successive  cultures  the  masses  coalesce  to  form  dense  and  thick 
^nibranes. 

The  tubercle  bacillus  is  affected  in  a  peculiar  way  by  coloring 
^bstances.  Everyone  knows  the  procedure  of  Ehrlich  which 
^Dables  us  to  distinguish  this  bacillus  from  all  other  microbes  except 

^«6frciiZom,  tttbercU:  Latin,  tuberctdum,  derived  from  tuber,  tumor.     Both  tuber 
■'w  tumor  are  formed  from  the  Sanscrit  radical  tu,  to  grow. 
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that  of  leprosy.  This  procedure  has  undergone  many  modifications; 
all  the  proposed  methods,  however,  are  based  upon  the  foUoB-ing 
fact— the  microbe  is  ^ith  difficulty  impregnated  by  the  aniline  dyes, 
but  once  the  dyes  penetrate  it  retains  them  powerfully  and  resisM 
decolorization  by  dilute  acids. 

The  bacillus  appears  in  the  form  of  small  rods,  usually  measurinf 
from  3/i  to  4/i  in  length  and  0.3;*  to  0.5^  in  breadth :  they  an 
straight  or  slightly  bent,  at  times  assuming  the  shape  of  an  S.  o 
cm^ei;!  at  one  extremity.  Their  protoplasm  is  sometimes  homo 
geneous,  at  other  times  formed  of  small  ovoid  or  round  grms 
In  their  interior  are  often  observed  colorless,  oval  vacuoles  whici 
have,  it  seems,  sometimes  been  mistaken  for  spores. 

Until  recently  the  agent  of  tuljerculosis  had  been  classed  aroonj 
the  bacilli.  In  1884,  Petrone,  impressed  by  certain  morphoiopca 
characters  of  the  microbe,  thought  that  it  should  be  ela.'^sed  hetweei 
the  micromyces  and  schizomyces.  This  opinion  attracted  no  atten 
tion.  Metchnikoff  showed,  however,  that  the  bacillus  sometime 
presents  elongated,  filamentous  forms  bearing  terminal  or  later* 
enlargements.  He  finally  pointed  out  the  important  fact  tlint  th 
filaments  may  be  divided.  Slaffucci  argued  that  these  variou 
phenomena  are  observed  only  in  cultures  of  avian  orig^;  and  thi 
was  then  employed  as  an  argimient  in  support  of  the  dualistic  theor 
of  tuberculosis.  It  is  at  present  known  that  the  same  foniis,  thoug 
with  some  difficulty,  may  be  obtainetl  with  human  tuberculosis 
and,  according  to  recent  investigations,  it  seems  certain  tlial  tli 
bacillary  form  of  Koch's  microbe  is  but  a  temporary,  transition! 
one,  and  that  this  parasite  must  be  looked  upon  as  a  jilant  of  rel* 
tiveiy  higher  development,  belonging,  n-ith  the  actinomyces,  to  ll^ 
group  of  streptothrixffi  or  oiispora.  It  would,  therefore,  deserv 
the  name  oospora  kochii  or  iuberculomyces  (C.  Jones):  it  ini^ 
be  called  Iuberculomyces  hominis  or  T.  avium,'  according  ss  th 
microbe  is  of  human  or  avian  origin. 

It  is  not  simply  for  theoretical  interest  that  we  dwell  upon  the* 
results;  they  enable  us  to  correlate  various  pathogenic  agent-s  whid 
arouse  comparable  reactions  in  the  organism.  In  fact,  clinical  e> 
perience  had  beyond  all  doubt  recognized  the  relationship  betwee 
actinomycosis  and  tuberculosis :  it  is,  therefore,  important  to  poit 

'  Coppen  .Tones,  Ucber  die  Morphologie  und  ayEteinatiacbe  Stellung  dpr  TuberlccliulK 
Centmlb.  f.  Bukt.,  Bd.  lEvii.,  1SS5.  Ueber  die  NomenklNtur  der  aug.  TuberkdbadUi 
ibid.,  IS96,  Ud.  xk. 
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wit  lh;it  ihi'ir  |jathogeiiic  iigents  belong  to  clnsply  iillied  Imtanical 

Tlw  tubercle  bacillus  presents  a  very  strong  resistance  to  various 
(ifstnii^tive  agents.     When  driecl,  it  i>reeerves  for  a  long  time  its 

K'ois  properties,  especially  when  the  surrounding  temperature  is 
r  Bius,  according  to  Pietro,  it  remains  virulent  for  nine  or  ten 
Bb  at  77°  F.  (25°  C),  for  two  months  at  86°  or  95°  F.  (30°  or 
CI,  and  for  one  month  at  122°  F.  {50°  C). 
According  to  Cad^ac  and  Mallet,  fragments  of  tubercular  lung 
buried  for  one  hundred  and  sixty-seven  days  produced  tuberculosis 
irittn  they  were  inoculated  into  animals ;  beyond  this  period  they 
giyeiise  to  septicemia;  pieces  of  the  same  organ  left  in  water  had 
not  yet  lost  tJieir  virulence  at  the  end  of  one  hundred  and  twenty 
days. 

The  tubercle  bacillus  is  rather  sensitive  to  the  effect  of  heat;  it 
B  Idlled  by  ebullition  of  a  few  minutes;  when  dried,  it  does  not 
ffsist  the  action  of  hot-water  vapor.  According  to  Galtier,  however, 
it  CM  endure  a  temperature  of  140°  F.  (60°  C.)  for  twenty  minutes, 
«Ki  one  ol  158°  F.  (70°  C.)  for  ten  minutes.  Ebullition  kills  it 
in  five  minutes  (Sormani).  The  rays  of  the  sun  exert  the  most 
*Btmi'tive  influence  and  kill  it  most  rapidly  (Koch). 
Wology,  The  contagium  of  ttiberculosia  may  be  transmitted 
from  animals  to  man,  from  man  to  animals,  from  animal  to  animal, 
*n'ffrom  man  to  man. 

TTie  contamination  of  man  by  animals  raises  several  problems  of 
""lerest.  In  fact,  it  must  first  be  questioned  whether  tuberculosis 
iSsiDiilar  in  all  the  animal  species.  If  such  is  the  case,  as  is  now 
pDwoliy  admitted,  is  it  dangerous  for  man  to  ingest  the  flesh, 
'iWTa,  milk,  and  other  products  of  tubercular  animals?  The 
"nsclra  seem  to  have  ver>-  tittle,  if  any,  virulence.  The  milk,  as 
■•IS  already  been  stated,  seldom  contains  bacilli,  except  in  cases 
"'  Qiammary  tuberculosis.  This  source  of  danger,  therefore, 
Mlhougli  real,  is  not  so  great  as  was  once  believed,  since  mammary 
tuberculosis  is  rare.  Bang  has  observed  only  seven  cases  of  mam- 
""ary  tuberculosis  in  Cojienhagen  in  the  course  of  a  year ;  in  France 
''  seems  to  be  still  less  frequent. 

.Among  the  products  which  are  said  to  have  transmitted  tuber- 
ciilusis,  we  may  mention  vaccine  lymph.  Since  animal  vaccination 
iss  come  into  universal  use  the  question  has  acquired  particular 
interest,  the  more  so  since  Toassaint  succeeded  in  inoculating  tuber- 
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culosis  through  the  agency  of  this  fluid.  This  result  has  not  been 
confirmed,  and  the  experiments  of  Lothar-Mayer,  Straus,  Chauveau, 
Josserand,  and  Nocard  demonstrated  that  the  bacillus  is  not  found 
in  the  vaccinal  fluid  of  either  bovidse  or  man. 

Finally,  the  dissemination  of  the  bacillus  through  the  urine  of 
dogs  must  be  taken  into  account.  Tuberculosis,  which  is  not  rare 
among  these  animals,  often  involves  the  kidne)rs,  and,  in  this  case 
the  agent  passes  into  the  urinary  secretion. 

The  transmission  of  tuberculosis  of  man  to  animals  has  bee 
demonstrated  by  a  great  number  of  examples. 

House  animals  such  as  dogs,  cats,  birds  and,  notably,  parrots  9M 
usually  contaminated. 

That  transmission  of  tuberculosis  does  occur  from  man  to  ma^ 
and  between  animals  of  the  same  species  is  a  truth  demonstrate 
beyond  all  possible  doubt. 

Flies  may  carry  tubercle  bacilli  (Spillmann  and  Haushalter),  bu 
they  disseminate  rather  than  directly  inoculate  the  virus.  Tin 
bacilli  may  likewise  remain  virulent  for  a  long  period  in  the  int^rioi 
of  earth-worms  (Lortet  and  Despeignes). 

Pathological  Anatomy.  Tubercular  lesions  assume  two  principa 
forms:  they  may  appear  in  the  form  of  granulations j  which  ar 
peculiarly  characteristic  when  examined  in  the  serous  membranes 
They  are  small,  hard,  non-enucleable  nodules,  often  surrounded  b; 
a  red,  vascular  zone.  Their  size  varies  from  0.5  nam.  to  2  or  3  nini 
they  are  at  first  translucent,  but  subsequently  become  opaque  an 
yellowish  at  their  centres.  They  sometimes  present  rounded,  gra 
or  yellow,  isolated  masses  the  size  of  a  pea,  a  hazelnut,  or  even 
walnut  {Laennec^s  tubercles) j  or  they  may  form  opaque  deposii 
infiltrating  the  tissues  (caseous  masses).  In  both  instances  ti 
lesion  is  essentially  composed  of  granulations  which  cannot  I 
recognized  with  the  unaided  eye. 

Alongside  \\dth  these  two  principal  types  must  be  placed  certa 
alterations  which,  at  first  sight,  appear  absolutely  different.  Mar 
scrofulides,  cold  abscesses,  lupuses,  synovitis  with  riziform  graii 
are  of  tubercular  nature.  The  same  is  true  of  certain  cases 
pleurisy,  although  examination  of  the  lungs  does  not  seem  to  reve 
the  presence  of  any  specific  lesions. 

It  may  th(?n  be  asked  on  what  ground  are  such  morbid  manife 
tations  held  to  be  tubercular?    At  the  present  day,  the  presence 
Koch's  bacillus  seems  to  be  sufficient  to  affirm  the  nature  of  t 
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iilteration.  For  some  time  past,  however,  histological  investigations 
liaw  considerably  extended  the  domain '  of  tuberculosis.  The 
mtptium  is  no  longer  the  tubercular  corpascle  of  I..ebert,  but  the 
pTwnce  of  a  giant  cell  or  a  peculiar  arrangt'ment  of  various  cells 
^EHgialed  under  the  name  elemenlary  tubercle  or  tubercular  follicle. 
abt  the  specific  character  of  this  lesion  is  not  absolute,  and 
or  less  similar  alterations  may  be  encountered  where  there 
'}i  m  tubercular  infection.  Nevertheless  microscopists  must  be 
cfwHteil  with  ha\'ing  supplietl  a  powerful  argument  in  support  of 
the  unity  of  tuberculosis  and  having  inclutled  with  this  disease 
i^verjie  lesions  which  really  belonged  therein. 


7'  Us,  therefore,  investigate  the  constitution  of  a  tubercular 
'™'icie,  itD(|.  to  this  end,  let  us  suppose  an  ideal  elementary  tubercle, 
■poring  the  tissue  in  which  it  has  developed  and  the  surrounding 
^^rations  wluch  it  may  have  produced. 

"list  peculiarly  characterizes  the  tubercular  follicle  is  not  such  or 
'™  Cellular  elements,  but  the  mutual  arrangement  of  the  various 
flfinenu  of  which  it  is  composed. 

•TiPoreticaUy,  according  to  the  conception  of  Koster,  Schuppel, 
""a  Friedlaender,  the  tubercular  follicle  is  formed  of  three  zones 
'%  6)  at  the  centre,  a  giant  ceil,  the  Riesenzelle  of  German 
sulhor?:  around  it,  epithelioid  cells,  and  at  the  peripfiery  an  area 
of  embryonal  cells. 
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The  giant  cell,  held  by  Schuppel  to  be  characteristic,  is  compa 
of  a  mass  of  protoplasm  containing  twenty,  or  thirty,  or  more  ni 
situated  at  the  periphery  of  the  cell,  where  they  fonii  a  crown  OT* 
crescent.  The  cell  itself  is  rounded,  irregular,  flat  or  sitherical  la 
shape,  often  pro^-ided  with  ramifieci  prolongations.  The  nucld^ 
the  giant  ceils  are  commonly  oval  and  nucleolsted;  in  some  0 
they  are  elongated  and  sinuous,  or  may  even  present  the  fcffl 
a  Z,  Finally,  when  greatly  magnified,  there  may  be  seen  in  9 
of  the  cells  karyokiiietic  figures  in  connection  with  indirect  diviaio 
of  the  nuclei.  The  aspect  of  the  nuclei  and  their  arrangement  in  it 
form  of  a  peripheral  crown  enables  one  to  differentiate  the  tube: 
cular  giant  cell  from  myeloplaxes  and  sarcomatous  giant  cells. 

The  middle  zone  is  composed  of  large  epithelioid  cells;  the  nucli 
are  rounded  or  oval,  and  the  protopla.sm  is  abundant  and  somewhi 
granular.  These  cells  often  contain  one.  two,  or  more  bacilli;  the 
seem  to  perish  when  the  parasites  become  more  numerous. 

The  peripheral  cells  are  simple  embryonal  celts,  presenting  notUir 
particular.  They  are  very  numerous  and  pressed  one  a%sm 
another.  They  appear  in  the  form  of  rounded  elements,  meaaunr 
4/i  to  9/*,  and  are  remarkable  for  the  large  size  of  their  nuclei  ar 
the  scantiness  of  their  protoplasm.  In  the  midst  of  these  cells  a 
found  a  few  fusiform  elements  which  represent  a  more  advano 
sta^  of  cellular  development. 

The  elementary  follicle  is  not  always  constituted  in  such  a  perff 
manner  as  above  described.  At  the  be^ning  of  the  process 
that  is  found  is  a  collection  of  round  cells;  at  a  more  advanc 
])eriod  the  epithelioid  cells  maybe  wanting  and  the  lesion  may  cons 
simply  of  a  giant  cell  surrounded  by  embryonal  elements. 

The  tubercle  is  a  non-vascular  production.  This  is  a  feat)] 
great  importance.  At  the  start,  while  there  is  nothing  but  a  a 
mass  of  cells,  some  permeable  vessels  may  yet  be  found;  but  sub 
quently  they  become  obliterated  and  disappear;  their  lumina  i 
occupied  by  a  granular  coagulum  of  fibrin,  imprisoning  io  its  mesl 
white  corpuscles  accumulated  along  the  inner  walls.  This  vascu 
obliteration  has  been  varinasly  explained.  Some  authors  hi 
assumed  a  compression  of  the  vessel  (Rindfleisch),  others  a  coai 
lation  of  the  blood  (Chauveau),  and  still  others  a  primary  alterat 
of  the  wall — an  endocapiltaritis  (H.  Martin). 

About  the  irritated  point  the  vessels  dilate  and  send  out  proloi 
tions,  which  are  but  short-lived. 


ycons 
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Histogenesis  of  Tubercle.  The  methods  of  investigation  have 
Iwii  ijuile  (iifferent  before  and  since  Koch's  discovery.  During 
llie  [lerioii  that  may  be  designated  as  prebact^rial,  very  exact  and 
lipliiile J  descriptions  were  given  of  the  pathological  anatomy  of  the 
tulxrdp.  When  the  specific  germ  of  the  disease  was  known  and 
cultivated  it  became  possible,  by  inoculating  it  into  aoimals,  to 
ciBeneflay  after  day  the  development  of  the  tubercular  neoplasm, 
witlout  ruiming  the  risk  of  regarding  accessory  and  secondary 
pnwsfifs  as  essential,  or  considering  as  specific  such  alterations  as 
ire  common  to  other  diseases. 

The  importance  of  IjTnphatic  elements  in  the  genesis  and  constitii- 
IJon  of  tubercle  was  noted  from  the  very  beginning  of  researches, 
\Wiow  and  his  disciples  class  it  with  l>Tn]ihomata.  Klel>s  and 
Kwler  tliink  it  takes  origin  in  the  lymphatic  capillary  networks. 
'I'sgofT  emphasizes  its  structural  analogy  to  IjTnphatic  glands 
(cTti^nic  tuberculosis).  H.  Martin  and  Kiener  compare  it  to  the 
nulty  patches  of  the  omentum. 

Histologists  sought  for  a  .specific  element  that  would  enable  them 
to  (Wnguish  tubercle  from  similar  neoplasms ;  and  such  were 
'Iwught  to  be  the  giant  cells  and  the  absence  of  vessels  in  the  tubercle. 
It  wns  not  long,  however,  before  new  contributions  demonstrated 
"lit  giant  and  epithelioid  cells  are  in  nowise  specific.  Heitlenhain, 
"pie,  Baumgarten,  and  Ziegler  produced  these  elements  by  insert- 
"¥  foreign  bodies  into  the  subcutaneous  cellular  tissue.  Laulanie 
OMen-fd  in  the  cat  granulations  which  presented  the  appearance 
"hi  structure  of  tubercle  and  were  caused  by  the  strongylua  vasorum, 
'up.  Martin  produced  pulmonary  granulations  by  intravenous 
""filiation  of  inert  powders. 

"Hie  discussing  the  diagnostic  value  of  giant  and  epithelioid 
•^ki  the  authorities  endeavored  to  discover  the  mode  of  formation 
o'lbes"  elements,  Langhans  suggested  two  possible  events:  either 
"''giant  cell  develops  at  the  expense  of  one  altered  cell,  or  is  formed 
"nhe  union  and  confluence  of  several.  According  to  Knster,  it 
^^h  from  the  proliferation  of  the  vascular  endothebum :  according 
"  Ziegler  it  develops  at  the  expense  of  leucocytes,  while  Shuppel 
""Hi  it  to  be  due  to  the  hypertrophy  of  one  migrated  white  corpuscle 
followed  by  alterations  in  the  bloodvessels.  This  vascular  origin, 
"■fiile  admitted  by  Cornil,  was  doubted  by  Malassez.  Charcot  and 
Gombault  contended  that  the  giant  cell  resulted  from  fusion  of 
many. 
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Such  were  the  opinions  of  authors  concerning  the  histogenesis  of 
tubercle  when,  in  1882,  the  discovery  of  the  tubercle  bacillus  by 
Koch  brought  accuracy  to  our  knowledge  of  tuberculosis.  The 
specific  element,  which  pathological  anatomy  had  failed  to  furnish, 
was  found  out  by  bacteriology. 

From  that  moment  two  principal  theories  have  been  advanced 
According  to  some,  the  tubercular  neoplasm  is  composed  solely  o 
cells  that  pass  out  of  the  vessels  to  injgest  the  bacilli;  the  tubercl 
is  a  superadded  production  developing  at  the  expense  of  protective 
cells  that  are  attracted  toward  the  point  attacked.  Others  assei" 
that  it  is  formed  of  the  constituent  cells  of  tissues  (epithelial  cells 
fixed  cells  of  connective  tissues,  vascular  endothelium,  etc.),  am.* 
that  it  is  to  be  attributed  to  the  transformation  of  pre-existiim, 
elements  normal  to  the  parts. 

Among  the  advocates  of  the  former  theory  is  Koch.  The  bacilla 
ingested  by  the  wandering  cell  is  transported  by  it  into  the  organs 
and  Koch  is  not  far  from  believing  that  the  same  cells  give  origin  t 
both  the  epithelioid  and  giant  cells.  While  Koch  hesitates,  MetchnJ 
koflf  is  positive.  According  to  the  latter  authority,  the  phagocyte 
pick  up  and  digest  the  tubercle  bacillus.  Moreover,  the  giant  an- 
epithelioid  cells  which  he  studied  in  a  small  rodent,  the  spermophil^ 
into  which  he  inoculated  avian  tuberculosis,  also  have  phagocyti 
properties.  The  latter  statement  is  contested  by  a  number  c 
authorities.  Gilbert  and  Girode,  as  well  as  Yersin  subsequent! 
proved  that  tubercle  develops  at  the  expense  of  wandering  cells 
Borrel,  studying  the  histogenesis  of  tubercle  in  the  lung  and  kidne 
by  means  of  inoculations  of  cultures  of  human  tuberculosis,  saw  thi 
bacilli  ingested  by  polynuclear  leucocytes:  the  latter,  however,  dies 
rapidly  and  were  replaced  by  mononuclear  leucocytes  which  in  the^ 
turn  seized  upon  the  bacilli  and  were  transformed  into  epithelio- 
and  giant  cells.  Josue,  inoculating  cultures  of  human  or  av'i" 
tuberculosis  into  the  bone-marrow  of  rabbits,  discovered  the  sacr 
process  and  created  in  this  animal  lesions  which  are  circumscrib* 
in  the  case  of  human  and  diffuse  in  that  of  avian  tuberculosis. 

The  advocates  of  the  formation  of  tubercle  at  the  expense  of  ^ 
fixed  cells  of  tissues  are  also  supported  by  experimental  investi 
tioiis.  Baumgarten,  who  is  an  enthusiastic  defender  of  this  the^ 
inoculated  fragments  of  tubercular  substance  into  the  anterior  cb^ 
ber  of  the  eye  of  a  rabbit,  and  saw  the  fixed  cells  divide  by  ka.^ 
kinesis,  giving  rise  to  epithelioid  and  giant  cells.    The  intervea* 
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of  the  leucocytes  is  secondary;  they  invade  the  neoplasm  abeady 
constituted  by  the  elements  which  originate  by  indirect  division  from 
the  pre-existing  tissue  cells.  Tubercle  is  formed  in  all  organs  in  a 
amilar  manner.  Baumgarten,  who  rejects  phagocytosis,  asserts  that 
the  bacilli  are  not  ingested  by  the  cells.  Kostenitch,  Volkow,  and 
Straus  are  also  advocates  of  the  theory  of  the  formation  of  tubercle 
at  the  expense  of  fixed  cells. 

As  to  the  giant  cell,  it  is  believed  by  some  to  be  formed  of  one 
cell.  Under  the  influence  of  an  irritation  too  weak  to  bring  about 
its  division,  its  nuclei  proliferate  and  remain  enclosed  in  the  hyper- 
trophied  and  undivided  protoplasm  (Koch,  Weigert,  Baimigarten). 
Others  contend  that  the  giant  cell  is  produced  by  the  coalescence  of 
several  cells,  or  by  the  penetration  of  leucocytes  into  the  masses  of 
degenerated  protoplasm,  or  by  these  two  processes  simultaneously 
(Arnold,  Yersin,  Borrel,  Kostenitch  and  Volkow,  Josu^). 

We  are  thus  confronted  by  two  theories  as  to  the  histogenesis  of 

tubercle;  both  are  supported  by  well-observed  experimental  facts. 

It  is  therefore  to  be  assumed  that  both  contain  some  truth  and  it  may 

then  be  asked  whether  they  cannot  be  harmonized.    Josu^  remarks 

that,  under  the  name  of  fixed  tissue  cells,  some  have  confounded  the 

fixed  cells  of  connective  tissue,  which  certainly  play  a  phagocytic  role, 

^d  the  epithelial  cells.    In  his  opinion,  the  mesodermic  cells — the 

feucoc)tes,  the  fixed  cells  of  connective  tissue — ingest  the  bacilli, 

l^ut  the  toxins  secreted  by  the  microbes  may  act  upon  the  surround- 

^epitheUal  cells  and  produce  in  them  epithelioid  degeneration. 

Accordingly,  from  a  histological  standpoint,  all  cells  participate  in 

tte  formation  of  tubercle ;  but  as  far  as  the  fight  against  the  invading 

S^fm  is  concerned,  the  principal  r61e  devolves  upon  the  mesodermic 
cells. 

*  On  the  arrival  of  the  bacillus,  polynuclear  leucocytes  undertake 

*^  ingest  it,  but  they  rapidly  perish.    Then  mononuclear  leucocytes 

^d  connective  tissue  cells  seize  upon  the  germ.    Two  events  are 

^'^^n  possible.    The  organism  may  immediately  triumph,  and  the 

^^bercle  is  not  produced,  or  the  bacillus  may  be  victorious,  and  then 

^^0  successive  phases  supervene :  in  the  first,  the  cells  are  trans- 

^^nned  into  epithelioid  elements  and  a  tubercle  is  produced;  in  the 

^^^nd  phase,  the  tubercle  undergoes  caseous  degeneration.     Even 

^t  this  stage  of  evolution  the  organism  may  triumph :  if  the  numerous 

*^Vicocytes  surroimding  or  penetrating  the  focus  remain  powerless, 

^here  is  another  process  capable  of  circumscribing  the  lesion  and  of 


286  ISFECTIOVS  DISEASES.  ^^^^H 

killing  the  bacillus  imprisoned  in  the  products  of  its  own  creaiion« 
\iz.,  the  process  of  sclerosis  invading  the  tubercle,  V 

TliUB  far  we  have  dealt  with  the  local  manifestations  of  the  bacillus. 
Its  action  is  not,  however,  limited  to  the  point  at  which  it  comes  io 
contact  with  the  tissue  cells,  as  may  be  proved  by  a  study  of  ll»* 
modifications  occurring  in  the  marrow  of  bones  in  the  alwence  ot  aS 
osteomefliillary  localization.  In  fact,  Josu^  has  recognized  tti^ 
when  tubercular  lesions  exist  at  any  point  of  the  organism  a  protu^ 
cellular  proliferation  occurs  in  the  bone  marrow.  The  modificfttioi*l 
of  this  tissue,  with  reference  to  the  defense  of  the  organism,  ar* 
equally  observed  in  man  and  in  rabbits  which  have  been  inoculatcCi 
in  regions  far  from  bones  or  subjected  to  subcutaneous  injectiong 
of  tuberculin. 

Evolution  of  Tubercle.  Aft^r  ha\-ing  studied  the  structure  and 
mode  of  formation  of  the  elementary  folhcle,  it  Ls  easy  to  comprehend 
the  development  of  granulations,  of  tubercles  properly  so  called,  and 
of  caseous  masses. 

Gray  gramtlatum  is  commonly  formed  of  several  tubercular  fol- 
licles. Wagner  and  Charcot  admit,  in  complex  follicles,  as  many 
simple  follicles  as  there  are  giant  cells.  Tubercles,  projierly  so 
called,  which  are  larger  than  gray  granulations,  are  essentially  made 
up  by  the  union  of  several  elementary  tubercles,  but  the  central  part 
undergoes  a  modification  designated  as  caseous  degeneration.  At 
the  periphery  are  found  numerous  embryonal  cells  similar  to  those 
observed  in  the  external  zone  of  the  follicles.  The  middle  zone  is 
remarkable  for  the  presence  of  giant  cells  fornung  a  crown  around 
the  central  degenerated  mass.  This  agglomeration,  therefore,  pos- 
sesses a  certain  individuality.  It  does  not  represent,  juxtaposed, 
independent  follicles  each  undergoing  degeneration;  we  are  in  the 
presence  of  a  true  pathological  unity  the  centre  of  which  degen- 
erates. 

The  foregoing  statement  with  regard  to  tubercle  may  be  appliec 
to  tubercular  tn/iVfroiion,  which  is  characterized  by  confluent  granu' 
lations  connected  by  means  of  embryonal  cells.  According  as  thi 
mass  is  made  up  of  granulations  or  of  caseous  tubercles,  the  condltioi 
is  known  as  gray  or  yellow  infiltration.  As  Prof.  Grancher  states 
every  tubercle  is  composed  of  two  zones — a  central  caseous  zone  ant 
a  peripheral  embryonal  one.  A  closer  study  of  the  evolution  of  thi 
lesions  shows  that  a  tubercle  is  liable  to  two  forms  of  degeneratioi 
— fibrous  and  caseous. 
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Cafeification  is  preceded  by  a  stage  which  Prof.  Grancher  desig- 
^Wsas  vitreous  degeneration;  the  giant  and  epithelioid  celis  ]me  their 
jiiKlei,  become  \-itreous,  homogeneous,  and  coalesce;  thus  a  translu- 
peBl  mass  is  formed  mth  fissures  imparting  to  it  the  appearance  of 
ftxi  imgular  mosaic.  This  peculiar  substance  looks  somewhat  like 
»inyloid  substance,  but  does  not  manifest  its  reactions.  The  trans- 
lucont  mass  soon  becomes  opacjue.  This  is  caseous  transformation, 
■1  which  ecUular  elements  are  no  longer  recognizable ;  the  bacilh  seem 
to  share  the  fate  of  the  animal  cells;  there  arc  very  few  of  them  to 
i»e  fomid.  This  caseous  transformation,  which  has  long  been 
Pegardeil  as  specific,  may  be  wanting  in  man  and  particularly  in 
Miinials.  On  the  other  hand,  it  may  be  encountered  in  various 
fcther  pathological  conditions,  notably  in  syphilis. 

The  caseous  mags  softens,  especially  when  it  is  communicating 
^^tll the  exterior;  it  may  undergo  a  purulent  transformation,  result- 
«*S  ftoai  contamination  by  pyogenic  bacteria. 

;  In  other  iimtances  the  tubercle  undergoes  a  fibrous  metamor- 
Pbwis;  thb  is  a  tendency  toward  recovery.  Tubercle  is  transformed 
F^toahard  nodule  composed  of  a  homogeneous  fibrous  tissue,  includ- 
***€  a  few  atrophied  round  cells.  Vessels  develop  in  the  embryonal 
"one  in  which  giant  ceils  are  still  found.  At  cert;iin  points  the 
I  *^as«iu.ssubstance  becomes  encj'sted:  at  times  it  is  absorbed.  Finally, 
tuiwcle  may  become  infiltrated  with  calcareous  salts  and  undergo 
l%Dientary  transformation. 

Actim  of  Tubercular  Toxins.    The  tubercle  bacillus  is  capable  not 

'^yof  jjroducing  tubercles,  but  it  may  liiiewise  produce  fatty, hyaline 

^nJ  smyloid  degenerations.     The  sclerotic  process  which  it  excites 

%  become  preponderant,  leading  to  cirrhosea,  especially  appre- 

wsble  in  the  liver,  and  it  may  be  encountered  in  other  parts  of  the 

fliiaaism;  the  author  has  showTi  its  occurrence  in  the  muscles,  and 

ff  Tessier  has  proved  its  importance  in  connection  with  the  heart. 

1^  phenomena  of  degeneration  seem  to  be  due  to  secretory  prod- 

'"iiSDlthe  microbes  (Maffucei,  Grancher).    As  to  the  tubercles,  they 

^'^  produced  by  a  reactjon  of  the  system  against  the  bacillus — i.  e., 

iJi'' substances  contained  in  the  body  of  the  bacillus.    The  interven- 

tioii  of  the  li\'ing  micro-organfera  is  not  necessary.    The  experiments 

of  Prudilen  and  Hodenpyle,  Straus,  Gamaicia,  and  Vissman  demon- 

Btraie  that  injection  of  thick  emulsions  of  dead  cultures  of  tubercle 

Ibocilli  into  the  veins  of  animals  may  produce  extremely  numerou-? 

panulalions  containing  dead  bacilli  which  can  be  stained  by  the 
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usual  methods.  This  necrotuberculosis,  to  use  an  expressio 
ployed  by  Drs.  Grancher  and  Ledoux-Lebard,  is  characterii 
considerable  emaciation  and  a  cachexia  ending  in  death, 
necropsy  reveals  tubercular  granulations,  particularly  abund 
the  lungs  and  remarkable  for  their  tendency  to  undergo  f 
transformation  and  for  the  absence  of  caseation.  Straus  and  ( 
leia,  however,  have  seen  the  centre  of  such  tubercles  become  ca 
as  imder  the  influence  of  living  bacilli.  Schweuiitz  and  1 
admit  that  the  necrosing  substance  is  a  definite  body  havir 
formula  QHjoO^,  and  that  it  is  found  in  culture  fluids.  The  1 
of  the  bacilli  contain  an  albuminoid  substance  which  is  antagc 
to  the  preceding  one;  it  produces  hyperthermia,  while  the 
lowers  the  temperature,  and  it  is  sclerogenic  instead  of  being  ] 
genie. 

A  series  of  experiments  pursued  by  the  author  demonstrate 
special  toxic  substances  are  contained  in  the  tubercular  tissue 
In  most  cases  he  employed  extracts  of  tubercular  glands  of 
and  dogs  or  the  liver  of  tubercular  guinea-pigs,  either  pure  or  i 
with  substances  capable  of  modifying  their  action.  It  wag 
learned  that  tubercular  tissues  contain  substances  more  noxio 
the  rabbit  than  the  guinea-pig.  The  emaciation  caused  in  the  i 
is  more  pronounced  and  lasts  longer. 

Inoculability  of  Tuberculosis.  There  is  hardly  a  mammaliai 
getJier  refractory  to  tuberculosis.  Nearly  all  may  contract  it 
taneously  or  by  inoculation.  In  laboratories  the  animals  most 
ated  ui)on  are  the  rabbit  and  the  guinea-pig.  With  the  latter  a 
inoculation  is  successful,  no  matter  by  what  route  the  mate; 
introduced — whether  into  the  subcutaneous  cellular  tissue 
pleura,  the  peritoneum,  or  the  anterior  chamber  of  the  eye. 

As  in  the  case  of  other  infections,  the  number  of  bacilli  intro< 
must  be  taken  into  account :  the  greater  the  amount  of  virus 
duced  the  more  rapidly  the  disease  develops. 

The  researches  of  Bollinger  and  Gebhardt  demonstrate  that 
tion  of  tubercular  substances  may  render  them  inoffensive: 
taminated  milk  loses  its  virulence  if  diluted  to  y^  or  y^.  An 
resist  when  they  swallow  2  c.em.  of  tubercular  sputum  diluted 
If,  however,  inoculation  is  made  beneath  the  skin  or  into  the 
toneum,  it  must  be  diluted  to  -Yis'iir^  ^^  order  to  become  inoflFei 

Hischberger,  Gebhardt,  and  Wissokowdcz  have  also  demonst 
that  rabbits  resist  amounts  which  are  fatal  for  guinea-pigs:  i 
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latter  animals  tuberculosis  develops  when  a  particle  of  sputum  con- 

tAimng  820  bacilli  is  inoculated.    Upon  this  fact  Wissokowicz  bases 

his  explanation  of  the  results  obtained  by  inoculating  substances 

taken  from  local  tuberculosis  in  man.    The  reason  why,  in  this 

instance,  rabbits  resist  while  guinea-pigs  succumb  is,  according  to 

this  author,  not  the  attenuation  of  the  virus  but  its  cUlution;  the 

number  of  bacilh  is  too  small  to  overcome  the  resistance  of  the 

rabbits.    Dr.  Arloing  objects  to  the  assertion  that  a  certain  number 

of  rabbits  or  guinea-pigs  may  become  diseased  by  the  injection  of 

diluted  bacilli ;  if,  however,  the  virus  is  subjected  to  a  temperature 

of  140°  F.  (60°  C.)  for  fifteen,  thirty,  or  sixty  minutes,  it  becomes 

attenuated,  and  the  bacilli  are  then  no  longer  able  to  kill  the  rabbit, 

though  they  still  render  guinea-pigs  tuberculous  by  acting  upon  these 

animals  like  the  scrofular  virus ;  the  latter  virus,  therefore,  represents 

an  attenuated  tubercular  virus,  a  more  or  less  fixed  race  of  Koch's 

bacillus. 

Tobercolosis  of  Animals.    Among  the  animals  most  susceptible  to 

the  spontaneous  development  of  tuberculosis  the  bovida?  must  first  be 

nientioned.    The  frequency  of  bovine  tuberculosis  varies  according 

to  races  and  countries.    WTiile  rare  in  polar  countries,  tuberculosis 

K  especially  prevalent  in  hot  countries,  notably  in  Italy,  where  it 

presents  the  characters  of  a  veritable   scourge.     Even  in  those 

<»untries  in  which  tuberculosis  is  most  frequent,  it  is  exceptional 

"^ young  animals;  the  average  for  calves  is  below  1  per  10,000. 

The  tubercular  infection  is  in  some  cases  expressed  by  a  general 

nialady  affecting  the  serous  membranes  and  resembling  human  mil- 

^' tuberculosis ;  in  other  instances,  by  pulmonary  or  abdominal 

'^ons;  lastly,  the  bacilli  may  become  localized  at  a  certain  point 

^J  give  rise   to   local   tuberculosis.    Pulmonary  tuberculosis   is 

^doubtedlv  the  most  common  form  of  the  disease. 

The  frequency  of  manmiary  tuberculosis  has  been  the  subject  of 

^uch  controversy.    In  less  than  a  year  Bang  observed  seven  cases 

^^  Copenhagen.     In  France  it  seems  to  be  of  rare  occurrence,  and 

<ianger  of  contamination  through  milk  seems  to  be  not  so  great  as 

^'^  once  believed. 
Observations  upon  tuberculosis  in  the  horse  are  not  very  numerous. 

■"^  lesions  are  sometimes  Umited  to  the  organs  of  tlie  abdominal 
^^^ity,  occupying  the  viscera  and  glands ;  sometimes  they  are  found 
^'y  in  the  lungs,  and  in  some  instances  they  are  generalized. 

tuberculosis  in  swine  varies  according  to  the  countries  from  0.1 

19 
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to  1  per  1000.  These  estimates,  coming  from  the  abattoirs,  J 
probably  below  the  real  figures,  since  the  diseased  animals  gr 
rapidly  thin,  and  are,  therefore  clandestinely  killed  and  sold. 

Contrary  to  the  assertions  of  some  authorities,  tuberculosis 
the  goat  and  sheep  is  not  exceptional.  Moreover,  experimentati 
proves  that  the  goat  can  be  rendered  tubercular  the  same  as  otl 
animals. 

The  remarkable  researches  of  Cadiot*  have  established  that  tub 
culosis  is  very  frequent  in  the  dog.  The  contrary  opinion  is  due 
the  fact  that,  in  this  animal,  the  lesions  often  appear  in  the  fomc 
neoplastic  productions,  although,  in  some  instances,  they  are  sini 
to  those  commonly  observed  in  man— i.e.,  pulmonary  ca^'ities  i 
alterations  in  the  urinary  apparatus. 

In  the  cat,  as  in  the  dog,  tuberculosis  may  be  generalized 
limited  to  the  organs  of  the  thorax  and  abdomen.  VolumiD 
mesenteric  adenopathies  are  commonly  present,  indicating  that 
virus  has  entered  through  the  intestine. 

According  to  the  statistics  of  the  London  Zoological  (Jard 
monkeys  become  tubercular  in  the  proportion  of  15  per  cent.  ' 
infection  invades  particularly  the  lungs  and  the  liver,  subsequei 
involving  the  kidneys,  the  spleen,  and  less  frequently  the  intesi 

Contrary  to  what  was  formerly  believed,  rabbits  and  guinea-{ 
which  are  so  frequently  employed  for  experimental  purposes, 
seldom,  if  ever,  spontaneously  affected  by  this  disease.  The  so-cf 
spontaneous  tubercles  are  due  to  cysticercus,  coccidia,  or  to  micr< 
other  than  Koch^s  bacillus. 

Tuberculosis  of  the  Oallinae.  Tuberculosis  of  the  gallinae 
identified  with  that  of  the  mammalia  when  Koch,  Ribbert,  Bs 
Cornil,  and  Megnin  demonstrated  the  presence  in  them  of  bacilli 
senting  the  same  coloring  reactions  as  the  bacillus  of  the  mamm 
Soon  afterward  Drs.  Nocard  and  Roux  cultivated  the  a\nan  baci 
and  their  cultures  were  employed  in  all  the  laboratories  of  Fr 
for  experimental  purposes.  The  identity  of  avian  and  mammj 
tuberculoses  was  accepted  without  much  controversy,  since  ex 
mentation  demonstrated  that  avian  tuberculosis  could  be  inocul 
into  rabbits,  and  several  observations  seemed  to  point  to  the  t 
missibility  of  human  tuberculosis  to  birds. 

It  was  not  long,  however,  before  negative  results  were  repo 

^  Cadiot.     Tuberculosc  du  chien,  Paris,  1892,  vol.  i. 
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:  Straus  and  Wurtz'  caused  chickens  and  a  cock  to  swallow  human 
['  tubercular  sputa  for  from  six  to  twelve  months ;  the  animals  resisted, 
and  the  necropsies  demonstrated  the  complete  integrity  of  their 
organs.  Maffucci  also  demonstrated  that  mammalian  tuberculosis 
was  not  transmitted  to  the  gallime;  twenty  chickens  were  inoculated 
subcutaneously,  by  the  stomach,  lungs,  peritoneum,  and  veins,  and 
aD  resisted. 

The  unity  of  tuberculosis  in  the  various  animal  species  was  thus 
rendered  questionable.    This  doubt  was  shared  by  Koch,  who,  at  the 
Congress  in  Berlin,  declared  he  had  resumed  the  study  of  the  question 
and  could  no  longer  completely  identify  the  tuberculosis  of  birds  and 
of  the  mammalia.    From  that  moment  a  series  of  contributions 
appeared  which  clearly  demonstrated  the  differential  characters  of 
the  two  forms  of  tuberculosis.    Mention  may  be  made  of  the  numer- 
ous investigations  which  the  author  pursued  with  Drs.  Cadiot  and 
Gilbert,*  those  of  Straus  and  Gamaleia,'  and  of  Courmont  and  Dor.* 
Tie  fundamental  fact  demonstrated  by  these  experiments  is  one  of 
general  pathology — i.  e.,  that  tuberculosis  may  be  transmitted  from 
one  species  to  another,  but  its  evolution  is  directed  by  the  infected 
organism  itself.    It  is  the  eternal  question  of  the  seed  and  soil.    The 
hepatic  tubercles  of  the  chicken  and  of  the  pheasant,  for  instance, 
^re  not  only  distinguished  from  the  hepatic  tubercules  of  the  mam- 
^nalia,  but  they  are  highly  differentiated  among  themselves,  although 
developing  in  so  closely  allied  animal  species.    Tliis  fact  cannot  be 
too  strongly  emphasized,  since  it  strikingly  shows  the  pathological 
particularism  of  animals  and  indicates  the  great  error  of  hastily 
generalizing  conclusions  drawn  from  experiments  made  upon  a  single 
^^irinial  species. 

Comparison  of  the  Taberculoses  of  the  Mammalia  and  the  Oal- 
'JMB.   There  are  certainly  numerous  differences  between  the  virus 

'  Stnus  and  Wurtx.     Sur  la  rteistance  des  poules  k  la  tuberculose  par  ingestion > 
^^^^Qgrfe  pcnir  T^tude  de  la  tuberculose,  1888. 

*  Cadiot,  Gilbert,  and  Roger.    Note  sur  la  tuberculose  des  volailles,  Soc.  de  biologie^ 

^'  II,  1890.    Note  sur  ranatomie  pathologique  de  la  tuberculose  du  foie  clicz  la  poule 

[       rt  fe  faisan,  ibid.,  Oct.  18,  1890.     Inoculation  aux  gallinac^s  de  la  tuberculose  des 

™«nmifftre«,  ibid.,  July  25,  1891.     Inoculabilit^^  de  la  tuberculose  des  gallinac('*s  aux 

nuuunif^pes,  ibid.,  Feb.  8,  1896.     Unicit^  des  tuberculoses  humaine  et  aviaire,  ibid., 

Ffb.  8, 1896.    Sur  un  procW6  pennettant  de  transmettre  la  tuberculose  des  mammifdres 

MX  gallinac^s,  ibid.,  Nov.  19,  1898. 

'  Straus  and  Gamaleia.     Recherches  exp^rimentales  sur  la  tuberculose.     Arch,  de 
XD^decinc  exp^rimentale,  1891.     Straus,  La  tuberculose  et  son  bacille,  Pari.s,  1895. 

*  Courmont  and  Dor.    Tuberculose  aviaire  et  tuberculose  des  manimifdres.     Congn*s 
pour  Tdtude  de  la  tuberculooe,  1891. 
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of  the  mammalia  and  that  of  gallmse.  The  avian  bacilli  are  lo 
and  more  granular.  They  develop  more  readily  in  artificial  cul 
media  and  multiply  at  once  in  glycerinated  agar-agar,  while 
bacilli  of  human  tuberculosis  cannot  vegetate  in  this  medium  ej 
after  having  been  several  times  cultivated  in  serum.  The  £ 
bacillus  vegetates  at  109.4°  F.  (43°  C.)  and  resists  a  temperatu 
149°  F.  (65°  C.) ;  the  human  tubercle  bacillus  ceases  to  devek 
105.8°  F.  (41°  C.)  and  dies  at  149°  F.  (65°  C).  An  avian  ci] 
ten  months  old  is  living  and  can  yet  be  sown ;  a  human  culture 
its  capacity  to  vegetate  in  six  months  (MafTucci).  Avian  t 
culosis  may  be  transmitted  to  chickens;  it  seldom,  if  ever,  c 
generaUzed  tuberculosis  in  guinea-pigs,  and,  except  in  certain 
instances  (observation  of  Richet  and  H^ricourt),  it  cannot  b 
oculated  into  the  dog.  Human  tuberculosis  is  but  exceptio 
transmitted  to  chickens;  it  almost  invariably  gives  rise  to  g 
alized  tuberculosis  in  guinea-pigs,  and  is  easily  inoculated  int 
dog. 

Such  are  the  differences  existing  between  the  two  ^druses,  ai 
are  of  secondary  importance,  which  does  not  warrant  their  being 
sidered  as  two  different  species.  The  general  features  of  the 
bacilU  are  the  same,  and  the  reactions  which  they  arouse  in  the  1 
organism  are  similar.  The  morphological  differences  are  likew 
a  secondary  order.  Differences  no  less  notable  are  observ^ed 
tubercular  bacilli  present  in  various  individuals  of  the  same  s] 
are  compared  with  each  other.  It  is  not  rare  to  find  in  man 
bacilli  longer  and  more  granular  than  others. 

Agreement  is  universal  as  to  the  identity  of  the  soluble  pro( 
notably  tuberculin,  whatever  their  origin  may  be. 

These  facts  point  to  the  conclusion  that  the  two  tubercular  1 
represent  two  varieties  of  the  same  species.    There  are  undoub 
marked  differences  between  the  two  varieties,  and  it  is  impo 
to  apply  to  one  the  results  obtained  with  the  other;  hence,  in 
to  avoid  confusion,  it  is  always  necessary  to  indicate  the  vim 
ployed.    Nevertheless,  in  conjunction  wdth  distinctive  charact 
importance,  we  find  a  common  basis  warranting  the  belief  that 
two  pathogenic  agents  are  derived  from  the  same  species: 
of  tuberculosis  of  the  mammalia  and  of  gallinii?;  such  seems 
the  conclusion  suggested  by  the  ensemble  of  facts  thus  far  obse 
which  will  now  find  fresh  support  in  the  researches  pursued  I 
upon  tuberculosis  of  psittaci. 


SOBVLAR   IXFECTIOXS. 


Tuberculosis  of  Psittaci. 


Fmhner  and  his  assistant,  Eberlein,  were  the  first  to  draw  att^n- 
&ntothe  frequency  of  tuberculosis  in  parrots  and  to  show  that 
theditease  commonly  involved  the  skin,  mucous  membranes,  sub- 
fUtaneous  anil  submucous  connective  tissue,  the  articulations,  and 
l»nes.  Of  700  parrots  brought  to  the  clinics  of  the  Berlin  School, 
t'Owere  tubercular — say  25  per  cent. 

TTie  ca«s  stuched  by  the  author  with  Drs.  Cadiot  and  Gilbert' 
WW  27  in  number.  Of  these,  15  were  tuberculosis  of  the  skin,  9 
of  the  mucous  membranes,  6  both  of  the  skin  and  mucous  membranes. 
Thplesionsareinthegreatmajority  of  cases  about  the  head.  (Fig.  7) 


Tuboreuloais  of 


Ji  ihe  majority  of  our  observations  the  lesions  presented  such  a 
P^iiliar  appearance  that  their  nature  could  not  be  recognized  before 
""^  employment  of  bacteriological  measures.  The  cutaneous  mani- 
'*tations  differ  altogether  from  those  oteerved  in  other  animals: 
""'J'  may  be  comparetl  only  to  certain  forms  of  lupus  verrucose. 
'wre  first  occurs  a  shedding  of  the  plumage ;  then  the  skin  thickens 
^'ti  becomes  verrucous,  and  vegetations  soon  appear  which  become 
f(l  with  thick  crusts.  If  these  be  detached  a  granular  tissue 
'■'*  exposed.     Ulcerations  are  not  uncommon,  and  are  produced  espe- 


'  CuUui.  Gilbert,  and  Kopir.  InoculabiliUi  de  la  tubcrculosc  c[es  mainniifirea  aux 
I  '*'i«f*«.  Hoc.  de  biologic,  December  14. 18Q5,  T-ji  tuberciilose  ilea  perroquets,  »»  r»p- 
I    '■*1an-w  In  tubercnlme  humaiop.     Lu  pn-«BC  m6<lit-nle,  Janunrj-  2fi,  1806, 
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cially  when  the  diseased  parts  are  exposed  to  traumatism  or  repeal 
friction.  In  certain  instances  the  lesion  occupies  the  subcutane( 
tissue ;  it  is  a  tumor  of  fibrous  consistency  which  may  attain  the  s 
of  a  cherry.  Later  on  the  centre  softens  and  is  transformed  int< 
caseous  mass. 

Finally,  there  is  a  very  peculiar  localization  which  has  given  i 
to  many  diagnostic  errors.  The  author  refers  to  the  tubercles  de\ 
oping  near  the  claws,  which  become  deformed  and  crooked  absolute 
as  in  the  cases  described  under  the  name  of  gout  of  birds.* 

Visceral  manifestations  with  or  without  other  lesions  may  oc( 
— ^gastroenteritis  marked  by  diarrhea,  and  pulmonary  tuberculc 
attended  by  a  troublesome  and  frequent  cough. 

As  parrots  live  with  man  and  have  hardly  any  communicati 
with  other  animals,  it  is  reasonable  to  assume  that  their  tubercuk 
is  of  human  origin.  That  is  precisely  what  observations  prove, 
a  fair  proportion  of  the  cases  observed  by  us  the  tubercular  parr 
belonged  to  emaciated  individuals  with  chronic  cough,  the  nature 
the  affection  proving  to  be  tubercular  in  certain  cases  which  we  si 
mitted  to  bacteriological  examination. 

Without  dwelling  upon  the  inoculability  of  tuberculosis  of  b< 
mammalia  and  gallinse  into  the  psittaci,  as  our  experiments  fu 
demonstrated,  we  may  say,  in  conclusion,  that  the  results  obtair 
with  the  avian  virus  are  altogether  comparable  to  those  furnist 
with  the  human  virus.  The  parrot,  among  birds,  behaves  as  d< 
the  rabbit  among  mammalia.  These  are  two  animals  equally  ser 
tive  to  the  two  varieties  of  tuberculosis. 

Having  briefly  presented  the  features  of  human  and  avian  tub 
culosis,  we  may  conclude  that  the  various  bacilli  encountered  in  mi 
mammalia,  and  birds  are  no  more  than  varieties  of  one  and  the  sai 
species.  It  is  necessary  to  admit  two  principal  varieties:  one,  des 
nated  as  human,  attacks  man,  mammalia,  and,  among  the  birds,  1 
psittaci ;  the  other,  improperly  called  avian,  is  observed  in  the  galli 
and  sparrows.  Numerous  facts  demonstrate  that  it  is  possib 
although  difficult,  to  cause  each  of  these  two  bacilli  to  lose  its  j 
called  specific  properties,  which  means  that  these  properties  are  r 
truly  specific,  since  the  term  species  implies  fixed  virus,  not  susce] 
ible  to  transformation.  Therefore,  in  spite  of  the  differential  ch 
acters  of  the  two  great  varieties  of  tuberculosis,  we  "conclude  that  1 
disease  is  one. 

*  Larcher.    Melanges  de  pathologie  compar^e  et  de  t<^ratologie.    Paris,  1878,  p.  1 


NODULAR  INFECTIONS.  295 

Our  view,  which  is  likewise  that  of  Drs.  Arloing,  Nocard,  Cour- 
mont,  Dor,  and  others,  leads  to  conclusions  of  practical  importance. 
Since  tuberculosis  may  develop  in  man  through  the  agency  of  the 
avian  bacillus  (Kruse),  tubercular  birds,  and  notably  certain  dishes 
prepared  ^ith  their  viscera,  should  be  excluded  as  food. 

The  dangers  of  contamination  are  greater  w^hen  parrots  are  con- 
cerned. In  these  birds  the  bacilli  acquire  extraordinary  virulence 
for  certain  mammaUa,  as  was  demonstrated  by  our  inoculations  made 
into  guinea-pigs ;  human  tuberculosis  is  seldom  so  active  upon  these 
small  rodents.  The  bacilli  of  the  diseased  parrot  are  found  in  the 
cutaneous  productions,  saliva,  nasal  mucus,  and  at  times  in  the 
excrements;  they  may  easily  be  disseminated.  Parrots  contamin- 
ated by  man  thus  become  in  their  turn  a  permanent  focus  of  tuber- 
cular infection. 

Pseadotaberculoses. 

The  expression  pseudotuberculosis  is  applied  to  a  series  of  very 
dissimilar  lesions  having  no  other  common  character  than  the  pres- 
ence of  small  tumors,  the  macroscopic  appearance  of  which  resembles 
that  of  tubercle ;  in  other  words,  this  group  includes  all  those  cases 
"i^hich  the  granular  lesions  are  not  dependent  upon  Koch's  bacillus. 
It  would  be  logical  to  include  in  the  group  glanders  and  certain 
<^^  of  miUary  pyemia.    We  retain  the  expression  because  it  is 
poerally  employed.    It  is  advisable,  how^ever,  to  render  its  meaning 
^'ear  by  an  epithet  specifying  the  kind  of  pseudotuberculosis  con- 
^^ed.    In  fact,  of  the  latter  there  are  numerous  varieties,  which 
^y  be  divided  into  four  groups : 

Pseudotuberculoses  by  inanimate  substances. 
Pseudotuberculoses  by  animal  parasites. 
Mycotic  pseudotuberculoses. 
Bacterial  pseudotuberculoses. 
Pseadotaberculoses  by  Inanimate  Sabstances.   At  the  time  when 
^-^rimenters  were  endeavoring  to  refute  Villemin's  doctrine  it  was 
*^rted  that  any  substance  introduced  into  the  veins  or  peritoneum 
"rtngs  about  the  production  of  tubercles.    These  were  said  to  be 
^"tained  by  injecting  pus,  putrefied  muscle,  tissue  fragments,  and 
^Organic  substances.    All  the  results  seemed  to  be  in  harmony,  from 
^he  researches  of  Lebert  and  Wyss  down  to  those  of  Cohnheim  and 
Pfaenkel,  who  subsequently  changed  their  opinion  and  recognized 
tte  specific  nature  of  tubercles. 


by  giant  cells  surrounded  by  round  elements ;  tinally,  Cayenr 
induces  the  formation  of  true  follicles  composed  of  three  zc 
as  are  observed  in  tuberculosis.  Since  histology  was  not  ci 
differentiating  these  diverse  granulations,  resort  was  to  b 
experimentation.  Dr.  Martin  showed  the  pseudotubercl 
devoid  of  infectious  properties.  Their  inoculation  into  anoth< 
produced  no  lesion,  or  only  a  few  granulations  which  were  i 
inoculable.  On  the  other  hand,  true  tubercle  is  inoculable 
and  may  be  transmitted  indefinitely  from  animal  to  anims 

Analogous  productions  have  been  observed  in  man.  Di 
and  Toupet  described  a  cutaneous  tubercle  composed  of  foUi 
which  contained  no  bacilli.  Careful  examination  reveale 
centre  of  the  neoplasm  the  presence  of  small  fragments  of  oys 
around  which  the  lesion  had  developed.  Hanan's  observat 
less  interesting.  At  the  necropsy  of  an  individual  who  died 
days  after  perforation  of  a  round  ulcer,  Hanan  found  n 
miliary  granulations  in  the  parietal  peritoneum  and  in  the  a 
which  had  formed  between  the  liver,  diaphragm,  and  du 
These  granulations  had  the  structure  of  non-caseous  tubercl 
contained  no  bacilli,  but  hard,  stony  tissue  cells  of  pears. 

Pseudotaberculoses  by  Animal  Parasites.  Pseudotub 
by  animal  parasit<?s  have  but  exceptionally  been  observed 
These  are  small,  yellow,  pale,  or  greenish  tubercles  varyin; 
hempseed  to  a  hazel-nut  in  size. 

Among  the  principal  pseudotuberculoses  caused  by  paras 
be  mentioned  that  of  the  cat,  produced  by  the  ollulanits 
(Leuckart) ;  that  of  the  sheep,  called  also  verminous  pneum 


\ 


\ 


i 


NODULAR  INFECTIONS,  297 

of  the  dog,  produced  by  the  strongylus  vasorum  and  well  studied  by 
Dr.  Laulani^/  This  observer  showed  that  the  ova  of  strongylus  are 
arrested  in  the  ramifications  of  the  pulmonary  artery  and  induce 
cellular  proliferation  within  or  around  the  vessels.  In  the  former 
instance,  at  the  centre  of  the  neoplasm  is  found  a  giant  cell  containing 
an  o\Tim  or  an  embryo  surroimded  by  epithelioid  or  embryonal  cells ; 
in  the  latter  case,  when  the  tubercles  are  formed  around  the  vessel, 
the  arterj'  undergoes  aneurysmal  dilatation  and  is  surrounded  by  a 
zone  of  giant  and  epithelioidal  cells. 

Mycotic  Pseadotaberculoses.  Plants  of  a  relatively  higher  or- 
ganism may  cause  the  development  of  granulations  more  or  less 
similar  to  those  of  tuberculosis.  We  shall  first  cite  the  streptothrix(B 
OToospora,  which  constitute  a  transition  between  bacteria  and  fungi. 
The  interest  attached  to  this  group  is  the  more  considerable,  since, 
as  has  already  been  stated,  the  agent  of  true  tuberculosis,  Koch^s 
bacillus,  is  at  the  present  held  to  be  rather  a  strep tothrix.  Moreover, 
the  disease  most  closely  allied  to  tuberculosis,  actinomycosis,  is  due 
to  a  fungus  which  botanists  agree  should  be  classed  with  the  same 
family. 

.^ong  other  pathogenic  streptothrixse  there  is  one  which  is  the 
^nt  of  the  disease  improperly  called  farcin  of  cattle  (farcin  dii 
W)'  this  agent,  discovered  by  Nocard,  who  considered  it  a 
cladothrix,  is  at  present  knowoi  under  the  designations  streptothrix 
ompora,  nocardia  farcinosa. 

The  aspergillus  deserves  a  more  careful  study.  The  aspergillus 
9^(iucus  and  fumigatu^  produce  in  animals  granulations  with  giant 
^'k,  at  the  centre  of  which  is  found  the  parasite.  These  facts,  well 
studied  experimentally  by  Kaufmann  and  Lichtheim,  were  com- 
Rted  by  the  interesting  investigations  of  Dieulafoy,  Chantemesse 
^^1  Wiclal,  Potain,  Gaucher,  Sergent,  and  Renon.  These  authors 
described  a  peculiar  disease  observed  in  men  whose  w^ork  compels 
them  to  handle  grain  or  flour  contaminated  with  the  spores  of  the 
^^pergUlus  fumigatus.  The  disease  is  ushered  in  as  ordinary  tubor- 
^^osis,  by  cough,  hemoptysis,  and  a  greenish  expectoration.  The 
sufferer  loses  flesh  and  presents  some  fever  toward  evening.  Auscul- 
tation reveals  bronchitic  rdles  and  blowing  respiration,  and  at  times 

• 

s^s  of  pleurisy.     In  other  cases  the  beginning  is  announced  by 
'>n)nchiti3  and  an  asthma-like  dyspnea  which  grows  worse  at  night. 

'  Laulani^.     Sur  quelques  affections  parasitaires  du  poumon  et  leur  rapport  avec  la 
tuberculose.    Archi\*e8  de  physiologie,  1884. 
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WTien  the  disease  is  uncomplicated,  recovery  is  the  rule  aftei 
series  of  ameliorations  and  aggravations  lasting  from  three  to  eig 
years.  Quite  often,  however,  aspergillosis  coexists  with  true  tub 
culosis,  and  the  latter  is  responsible  for  the  graver  incidents  and  fa 
termination. 

The  diagnosis  cannot  be  reached  otherwise  than  by  microsco] 
examination  of  the  sputa  and  by  cultures  and  inoculations, 
employing  the  fluid  of  Jaulin  cultures  may  be  obtained  witl 
forty-eight  hours.  The  intravenous  injection  of  sporulated  culti 
kills  pigeons  in  three  or  four  days,  guinea-pigs  in  four  or  five  da 
rabbits  in  six  or  eight  days. 

Bacterial  Pseadotaberculoses.  The  great  discovery  of  K( 
seemed  to  permanently  demonstrate  the  unity  of  tuberculosis.  1 
fact  that  Toussaint  had,  in  1880,  described  a  micrococcus  found  i; 
tubercular  cow  was  soon  forgotten.  Although  the  author  succeec 
in  cultivating  the  microbe  and  reproducing  the  disease  in  cats, 
results  were  supposed  to  be  due  to  error,  and  no  attention  was  gi^ 
to  them.  It  was,  therefore,  with  a  mingled  feeling  of  surprise  i 
incredulity  that,  in  1883,  the  profession  received  from  Malassez  i 
VignaP  the  description  of  a  tuberculosis  due  to  a  parasite  other  tl 
Koch^s  bacillus.  By  inoculating  a  subcutaneous  tubercle,  tal 
from  a  child  dead  of  meningitis,  these  experimenters  producei 
disease  transmissible  in  series  and  apparently  due  to  colonies 
zooglete  which  could  be  seen  at  the  centre  of  the  tubercular  nodu 
However,  the  fact  that,  in  continuing  their  investigations,  these  g 
tlenien  noticed  the  gradual  decrease  of  the  zooglese  in  successive  f 
sages,  brought  doubt  upon  the  individuality  of  the  infection.  Fina 
they  were  replaced  by  bacilli  identical  with  Koch's.  Had  an  a( 
dental  contamination  occurred,  as  was  first  believed,  or  a  true  tra 
formation,  as  the  researches  of  Bataillon  and  Terre  tended  to  she 
According  to  the  latter  hypothesis,  zoogleic  tuberculosis  would 
only  a  form  of  true  tuberculosis. 

Zoogleic  tuberculosis  was  found  by  various  authorities.  Cast 
Sofia  found  the  zooglea^  in  an  osseous  abscess  of  the  instep.  Ebe 
(encountered  them  in  a  guinea-pig  and  a  rabbit;  Nocard  in  a  chick* 
Manfredi  induced  a  zoogleic  tuberculosis  by  introducing  into  ' 
abdominal  cavities  of  guinea-pigs  fragments  of  cotton  through  wh 


^  Malassez  and  Mgnal.    Tuberculosc  zoogl<5ic]ue.    Archives  de  physiologie,  18S3. 
le  microorganisms  de  la  tiiberculo.se  zoogl^ique.     Ibid.,  1884. 
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hp  had  filtered  the  air  of  a  hospital  ward  where  tubercular  patients 
brcalliiii,  Other  observations  were  reported  by  Grancher,  Leroy, 
KpifFpr,  and  others. 

Tlie  uulhors  who  first  undertook  the  study  of  zoogleic  tuberculosis 
coniiuonly  contented  themselves  with  microscopic  examinatioi^s ;  the 
sttempis  at  culture  made  by  theni  were  insufficient  to  enable  them 
lo  specify  the  disease.  Having  the  occasion  to  observe  a  pseudo- 
luberculosis  develop  spontaneously  in  a  guinea-pig,  viz.,  without  any 
inwulatioQ.  we  endeavored  to  study  the  disease  more  thoroughly." 

ft'p  easily  obtained  pure  cultures  of  the  pathogenic  agent  and 
iiiiluml  the  affection  in  varioas  animal  s])ecies.    Though  the  lesion 


X     "    ^t  V  ;i  V-I.V- 


^~St 


*PpMiftl  siioilar  to  tubercles  when  the  organs  were  examined  with 
tw  unas![igted  eye,  histological  examination  demonstrated  that  the 
gfanulfltiong  differed  considerably  from  true  tuberculosis  and  from 
*™?'we  tuberculosis. 

Hie  lesion  is  of  extreme  simplicity  (Fig.  8) ;  it  is  a  collection  of 
rounil  or  epithelioid  cells  with  large  nuclei.  Nowhere  is  degeneration 
o'wn'able;  tl»e  central  part  is  most  deeply  stained.     On  the  other 


UMJ  Aovi&aiH  il«  sciencP.  18SS. 
faebdosudAire,  1890, 


p  {Mpudotuberculose  bucillaire.    Soc,  de  biologic 
er.    TuberculoBe  el  paeudotuberculoae,    Gawlte 
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hand,  in  zoogleie  tubercutosis  the  centre  of  the  nodules 
a  granular  zone  (Fig,  9),  anil  in  this  zone  the  parasite 
in  the  form  of  zooglea?.  In  view  of  the  difference  ui  their  histbi 
features,  we  admitted  that  zoogleie  tuberculosis  and  bacillarypl 
tuberculosis  represent  two  distinct  affections.  Such  was  ai 
oj)inion  of  Dr.  Malassez.  || 

More  recently,  however,  zoogleie  tuberculosis  was  again  d 
by  Drs.  Graneher  and  Ledoux-Lebard,'  Nocard,  and  Masselin,] 
as  Zagari;  these  authors  accurately  indicated  the  charactered 
cultures  and  held  our  disease  to  be  identical  with  that  of  Ifl 
and  Vignal.  We  believe  that  the  histological  study  invalidaa 
opinion,  and  think  that  these  affections  are  two  different  dm 
in  spite  of  their  many  points  of  resemblance.  [< 


Fio-  9. 


Zoogleie  tubprculosis.     Hepatic  gnu 

a,  caseous  aspect  and  fragnienU  Ot  hepntic  trabrculF, 

Close  to  these  pseudotuberculoses  are:  the  exjierimental  fl 
of  Disse  and  Taguchi,  the  pseudotuberculosis  observed  in  theJ 
pig  by  Morat  and  Doyon,  Bonome,  and  Cipollina;  the  pseudi 
culosis  engendered  by  the  inoculation  of  substances  suspectai 
anthrax  (Zngari)  or  the  injection  of  milk  (Parietti) ;  the  pseudj 
culosis  spontaneously  appearing  in  the  antelope  {Cornil  and  "a 
and  in  the  hare  (Megnin  and  Mosny).  I 

'  Granoher  anil  I-edoux-Lebacd.    Ileeheroli 
de  mfdecine  exii^rimenlBlt,  ISSS  and  18941. 
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Homan  Pseadotubercnloses.  The  study  of  bacterial  pseudotuber- 
culoses is  rendered  highly  interesting  by  the  fact  that  they  occur  in 
man,  as  is  proved  by  the  researches  of  Malassez  and  Vignal,  Castro- 
Sofia,  Babes,  and  Masselin.  Some  recent  observations  tend  to  show 
that  they  are  not  of  uncommon  occurrence. 

Drs.  Du  Cazal  and  Vaillard*  made  a  necropsy  upon  the  cadaver  of 
a  man  who  rapidly  succumbed  to  an  infection  characterized  by  fever, 
diarrhea,  and  abdominal  pains.    The  peritoneum  and  pancreas  were 
found  to  be  the  seat  of  an  eruption  of  caseous  nodules.    These  lesions 
contained  a  large  bacillus,  which  was  cultivated  and  proved  to  be  a 
facultative  anaerobic,  Uquefying  gelatin  and  imparting  to  the  cultures 
the  odor  of  ammonia.     Its  subcutaneous  inoculation  reproduced  the 
disease  in  the  rabbit,  and  its  intravenous  injection  gave  rise,  accord- 
ing to  the  dose,  to  granulations  or  a  septicemia.    The  guinea-pig 
appeared  refractory. 

A  short  time  after  this  publication.  Dr.  Legrain^  described  a  similar 

bacillus  which  was  associated  with  Koch's  bacillus  in  the  sputa  of  a 

consumptive.    Then  came  the  investigations  of  Hayem  and  Lesage, 

'^ho,  in  a  case  of  tuberculosis  of  the  suprarenal  capsules,  found  a 

bacillus  analogous  to  if  not  identical  with  the  one  characterizing  our 

bacillary  pseudotuberculosis.   In  pursuing  the  study  of  this  microbe, 

-^--^age  learned  that  it  closely  resembled  the  bacillus  coli  communis. 

^^  e  must  likewise  refer  to  those  cases  of  acute  miliary  tuberculosis 

^  ^'hich  Koch's  bacillus  has  not  been  found.     Such  are  the  facts 

sported  by  Kouskow,  Charrin,  and  J.  Clourmont.    In  the  two  cases 

Published  by  Courmont  the  individuals  were  the  offspring  of  tuber- 

^^lar  parents ;  the  inoculation  of  their  pulmonary  lesions  into  guinea- 

P^gs  gave  rise  to  a  rapid,  atypical  tuberculosis. 

Tlius  far,  cases  of  pseudotuberculosis  have  been  encountered  in 
^^  twelve  times,  ten  times  in  the  rabbit  and  guinea-pig,  twice  in 
cattle  and  sheep,  once  in  the  cow,  the  antelope,  the  hare,  and  the 
^hicken.  The  microbes  must  be  widely  distributed  in  the  soil,  as  is 
^dicated  by  their  frequent  occurrence  in  small  rodents — guinea-pigs 
^d  particularly  in  rabbits — in  which  animals  the  disease,  the  mode 
^^  entrance  of  which  is  sufficiently  evidenced  by  intestinal  lesions, 
^^  times  prevails  in  the  form  of  an  epizooty. 

/^  Cazal  and  Vaillard.  Sur  une  maladie  parasitairc  de  riiomme  transmissible  au 
*P"»    Aimales  de  I'Institut  Pasteur,  1891. 

^    **gniiii.    Sur  une  pseudotuberculose  produite  par  un  bacille  t  rou vc  choz  un  phti.sicjue . 
^^^'^tin  m^cal,  1891. 
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By  collecting  the  observations  thus  far  published  we  re; 
following  classification: 

Micrococcic  tuberculosis  of  the  cow  (Toussaint,  1880). 
Zoogleic  tuberculosis  (Malassez  and  Vignal,  1883). 
Bacillary  pseudotuberculosis  (Charrin  and  Roger,  1888). 
Pseudotuberculosis  (probably  zoogleic) 

of  the  guinea-pig  (Zagari,  Bonome,  CipelUna). 

of  the  rabbit  (Dor:  streptobacillary). 

of  the  hare  (M#gnin  and  Mosny). 

of  the  antelope  (Comil  and  Toupet). 
Fetid  bacillar}"^  pseudotuberculosis  (Parietti). 
Pseudotuberculosis  of  the  mouse  (Kutscher,  GalU-Val^rio) . 
Bacillary  pseudotuberculosis  of  the  sheep  (Preisz  and  Guinard). 
Bacillary  pseudotuberculosis  of  the  hog  (Galli-Val6rio). 
Human  bacillary  pseudotuberculosis 

of  Du  Cazal  and  Vaillard. 

of  Hayem  and  Lesage. 

of  J.  Courmont. 

of  P.  Courmont. 

Oidiomycosis  or  Endomycosis. 

We  have  repeatedly  stated  that  infections  diseases  are  ch 
ized  by  their  clinical  evolution  and  not  by  the  nature  of  the  ci 
agent.  This  conception  led  us  to  class  with  infections  cert 
cesses  dependent  upon  non-bacterial  parasites — plants  ( 
protozoa.  The  study  of  the  experimental  disease  which  is 
bv  intravenous  inoculation  of  oidium  albicans  will,  we 
corroborate  our  argument.  Its  history  represents  for  us  t 
of  a  non-bacterial  infection. 

Biology  of  the  Parasite.    It  is  not  necessary  here  to  s 
length  of  the  morphological  and  biological  characters  of 
their  description  will  be  found  in  all  classical  treatises. 

It  is  known  that  the  oidium  was  found  in  the  productions  o 
aphtha  by  Langenbec  in  1839,  and  later  studied  by  Berg  i 
After  researches  by  Gruby  we  must  cite  the  contributions  of 
who  gave  the  para«site  the  name  oidium  albicans,  by  which  i* 
generally  known.  Its  nature,  characters  of  vegetation,  and 
logical  action  were  definitely  fixed  by  the  researches  of  ( 
Plant,  Ch.  Audry,  Roux  and  Linossier,  Grasset,  Charrin  x 
trowsky,  Tessier,  and  Noisette. 

More  recently,  Dr.  Vuilleniin  took  up  the  question  from  a  b 

^  Robin.     Des  v^gi'taux  <|ui  croissent  siir  rhomme  et  Ics  auimaux.     Thdse 
1847.     Histoire  naturt'Uc  cles  v(!''g(5taux  parasites,  Paris,  1853. 
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andpoint.*    It  was  formerly  believed  that  the  fungus  of  aphtha 

^^'.Qs  related  to  the  yeasts  and  that  the  filamentous  forms  were  of 

t>ut  secondary  importance.    Vuillemin,  on  the  contrary,  thinks  that 

^tk<»  filaments  are  characteristic  and  must  be  considered  in  classing 

^  Ir^e  parasite;  then,  studjdng  the  mode  of  reproduction,  he  describes 

^^1  ^mydospores  and  endospores.    He  lays  stress  upon  the  presence  of 

:«iucleus  found  both  in  the  globules  and  in  each  filamentous  segment. 

^  the  ground  of  these  important  observations  Vuillemin  declares 

e  funpjs  of  aphtha  to  be  an  ascomyces  which  should  be  designated 

^  (ndomyces  albicans. 

The  expression  oidiomycosis  employed  by  German  authorities 

^d  by  the  author  should  therefore  be  rejected.     When  the  ideas 

Vuillemin  are  definitely  accepted  I  shall  be  glad  to  use  the  term 

^idomycosis,  as  Miss  Maria  Daireuva*  writing  under  inspiration  of 

■^^T  master,  Vuillemin,  thinks  I  should.    In  a  very  important  work, 

^--^ncetti'  classes  this  fungus  with  the  group  of  blastomyces ;  accord- 

^-*^  to  this  author,  it  forms  a  transition  between  the  latter  and  the 

ti)'phomyc^  and,  consequently,  the  term  oidium  albicans  should 

t>e  preserved. 

If  a  patch  of  buccal  aphtha  be  examined  under  the  microscope 

the  fungus  is  found  to  present  two  different  forms.    At  times  there 

^be  seen  beautiful  mycelial  filaments;  at  other  times,  rounded 

or  oval  micro-organisms  resembling  yeasts.    These  two  forms  may 

be  associated  or  isolated.    Out  of  thirty-one  examinations  made 

by  us  the  two  forms  were  found  together  nineteen  times.     In  twelve 

crises  there  were  only  the  yeast  forms;  once,  pure  mycelium.     It  is 

possible,  as  is  asserted  by  Miss  Daireuva,  that  the  filamental  forms 

we  never  absent.    The  reason  they  are  not  always  detected  is  that 

they  develop  in  the  depth  of  the  cream-like  patch  in  contact  with 

Of  inside  the  mucous  membrane. 

The  two  forms  above  indicated  are  encountered  in  artificial 
^tures.  The  oval  form  is  mostly  observed  in  solid  media,  the 
"l^Doentous  in  liquid  media.  These  also  exist  in  solid  media,  but 
^  observed  then  only  at  the  beginning  of  development  (Stocklin) 
^^^the  deeper  portion  of  the  culture  (Vuillemin.) 


1  v., 


' 'ullemin.  Jjes  characteres  sp^cifiques  du  champignon  du  nuignct .  Comptos  Rcndns 
'*  I'Actd^mie  des  Sciences,  October  24,  1898. 

^**ria  Daireuva.    Recherches  sur  le  champignon  du  muguet .    Th^.se  de  Paris,  1898. 

^•Concetti.  Biologie  et  pathologie  du  muguet.  Archives  de  m^deeine  de.s  cnfant.s, 
^ms\,  1900. 


304  INFECTIO  US  DISEASES. 

Characters  of  the  Cultures.  The  fungus  of  aphtha  reiidily 
develops  in  the  various  nutrient  media  employed  in  bacteriology. 
Agar-agar,  gelatin,  vegetables,  potato,  carrot,  suit  it  well.  In 
liquid  media  the  colonies  soon  fall  to  the  bottom  and  the  fluid 
becomes  clear.  Urine  and  saliva  are  favorable  media,  while  milk 
constitutes  a  bad  one.  Of  all  media  the  most  favorable  are  carbo- 
hydrates, especially  glucose  and  saccharose.  WTiatever  medium  is 
employed,  the  oidium  gives  rise  to  fermentation  of  carbohydrates, 
resulting  in  the  production  of  alcohol,  aldehyde  and  acetic  acid; 
hence,  the  agreeable  odor  exhaled  by  the  cultures. 

Tlie  isolated  fungi  appear  in  the  form  of  oval  elements,  measuring 
from  5/JL  to  7/i  in  length.  Proliferation  occurs  by  lateral  or  termi- 
nal budding.  If  a  bouillon  or  serum  culture  be  examined,  the 
filamentous  forms  are  seen  measuring  3//  to  4//  in  breadth  and  1^ 
to  20//  in  length,  w^hich,  in  some  instances,  may  exceed  400/*  or 
even  500//. 

It  is,  therefore,  easy  to  prove  the  diplomorphism  of  oidium  by 
employing  solid  or  fluid  medium.  It  may  be  assumed  that  the 
filamentous  form  w-hich  predominates  in  fluid  media  is  due  to  the 
lack  of  oxygen ;  unable  to  vegetate  upon  the  surface  of  the  fluid, 
where  no  film  is  ever  formed,  the  fungus  falls  to  the  bottom,  and 
then  sends  out  prolongations  tow^ard  the  aerated  surface.  AMien 
it  is  cultivated  in  a  very  shallow  liquid  medium  the  filaments  are 
seen  to  become  shorter. 

Otlier  conditions  also  influence  filamentous  growth .  The  yeast 
form  predominates  when  the  plant  is  placed  under  eugenesic  con- 
ditions;  when  the  media  are  less  favorable  the  filamentous  forms 
prevail. 

Although  the  descriptions  given  by  authors  are  mainly  in  harmony, 
they  differ  in  many  details.  These  differences  in  opinion  are,  in 
great  measiu*e,  due  probably  to  the  fact  that  aphtha  comprises 
several  varieties. 

Role  of  the  Oidium  in  Human  Pathology.  The  fungus  of  aphtha  is 
pathogenic  for  man  and  certain  animals.  In  the  colt,  calf,  sheep, 
and  h(^n  it  produces  a  white  stomatitis  w^hich  often  spreads  to  the 
esophap:us,  pres(Miting  the  same  characters  as  in  man. 

Oidian  stomatitis,  also  called  creamy  stomatitis  {domaiii^ 
cremeuse),  aplitha,  and  thrush,  is  commonly  observed  in  weakened 
or  cachectic  individuals,  in  the  course  of  diseases  which  profoumllv 
debilitate  the  system,  grave  typhoid  fever,  urinary  and  tubercular 
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ifectioDs,  cancer,  diabetes,  etc.  As  Gubler  has  showii,  its  develop- 
lent  is  favored  by  the  acidity  of  the  mucous  membrane.  The 
adity  is  due  to  the  excessive  multiplication  of  microbes  and  to 
nnentations  which  they  produce  in  the  food,  particularly  in  milk, 
hus is  produced  a  catarrhal  stomatitis  which  weakens  the  resistance. 
be  agents  of  aphtha  being  spread  in  the  atmosphere  (Lebrun, 
oux,  Valtat),  easily  develop  in  the  altered  buccal  mucous  mem.: 
•ane.  In  other  instances  the  parasite  is  transmitted  directly 
irough  the  nursing  bottle  or  the  breast  of  the  nurse  who  suckles 
veral  children.  Finally,  it  may  come  from  the  milk,  which  is  often 
)Diited  with  oidvum  lactis,  a  plant  closely  related  to  the  aphtha 
irasite. 

It  is  true,  however,  that  aphtha  does  sometimes  develop  in  healthy 
dividuals,  in  children  by  no  means  athrepsic,  in  non-cachectic 
Sed  persons,  and  at  the  beginning  of  certain  infections,  notably 
T)hoid  fever.  It  is  also  encountered  in  the  most  varied  forms 
!  angina.  In  a  total  of  31  cases  of  diphtheritic  angina  the  writer 
>und  it  twice;  of  46  cases  of  non-diphtheritic  angina  1  showed 
combined  with  the  streptococcus;  of  116  cases  of  scarlatinal 
agina  4  presented  it. 

Dr.  de  Stocklin's  statistics  show  the  presence  of  the  oidium  in 
75  per  cent,  of  diphtheritic  cases,  and  10.5  per  cent,  of  non-diph- 
leritic  angina. 

The  r61e  of  the  oidium  albicans  in  these  various  anginas  appears 
>be  of  slight  importance.  Such  is  not  the  fact,  however,  when  we 
>nsider  certain  observations  of  oidian  angina  progressing  as  acute 
•re  throat.  Teissier  reported  a  case  of  this  sort.^  A  woman, 
'^nt}^-three  years  of  age,  was  abruptly  seized  with  chills,  malaise, 
'^ache  and  fever.  The  following  day  she  suffered  from  intense 
'sphagia.  Examination  of  the  throat  showed  two  small  white 
licate  membranous  patches  upon  the  palate  wliich  adhered  slightly 
the  mucous  membrane.  The  exclusive  presence  of  the  oidium 
^uxm  was  observed  under  the  microscope.  In  this  instance,  as 
U  as  in  that  reported  by  Guimbreti^re,^  oidian  mycosis  started 
i  ran  its  course  as  an  infection ;  chills,  malaise,  and  fever  were 
■  clinical  features.     No  one  would  hesitate  to  consider  these  niani- 

Teiasaer.  Angine  peeudomembraneuse  produite  par  le  champignon  du  niugiiet. 
u  de  m^.  exp.,  1895. 

jroimbretidre.     Essai  8ur  I'angine  pseudomembraneuse  due  au  muguet.    Th^se  de 
1896. 

20 
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festations  as  infections,  if,  instead  of  a  fungus,  a  bacterium  was 
detected! 

I  have  observed  a  certain  number- of  similar  cases.  Every  year 
a  few  patients  with  acute  oidian  angina  are  admitted  to  our  wards. 
In  1899  we  had  three  such  cases.  It  will  suffice  to  mention  one  of 
them,  a  woman,  twenty-three  years  old,  who  had  chills,  violent 
headache,  and  dysphagia.  A  physician  called  in  on  the  following 
day  diagnosed  diphtheria  and  advised  her  removal  to  the  hospital. 
Here  we  found  her  throat  red,  the  tonsils  greatly  enlarged,  and 
white  creamy  patches  the  size  of  a  pea  occupied  the  soft  palate, 
right  pillar,  right  tonsil  and  uvula.  Our  immediate  diagnosis  was 
aphtha,  and  microscopic  examination  demonstrated  the  presence 
of  both  mycelium  and  fungus.  It  required  eight  days'  treatment 
to  bring  about  recovery. 

The  oidium  may  be  encountered  in  other  mucous  membranes 
exposed  to  the  air.  It  may  invade  the  respiratory  apparatus, 
pharynx,  esophagus,  or  the  intestinal  canal.  In  the  stomach  it  may 
penetrate  into  the  glandular  cul-de-sacs  and  ulcerate  them.  Valleix 
and  Seux  noted  its  presence  in  the  small  intestine  and  cecum.  It 
has  been  observed  in  the  anus,  vulva  and,  according  to  Senator  and 
V.  Fritsch,  even  in  the  mucous  membrane  of  the  bladder. 

Whatever  may  be  its  seat,  the  lesion  created  is  of  a  benign  char- 
acter and  commonly  of  slight  tenacity.  This  fungus  does  not 
represent,  however,  a  simple  epiphyte.  Virchow,  Wagner,  Parrot, 
and  Letullo  have  seen  it  penetrate  quite  deep  into  the  mucous  mem- 
branes. Examining  the  cadavers  of  thirty-eight  children  who  had 
succumbed  to  aphtha,  Heller  found  in  two  cases  the  presence  of  the 
parasites  in  the  bloodvessels;  the  latter  were  the  seat  of  thrombosis 
in  six  cases.  It  is,  therefore,  conceivable  that  the  fungus  may  be 
carried  by  the  lymph  and  blood  currents  to  the  various  parts  of  the 
system.  In  fact,  it  has  been  observed  in  otitis  media  (^^alentin), 
abscess  of  the  gums  (H.  Grasset),  submaxillary  abscess  (Charrin), 
and  suppurating  parotiditis  (Guido).  At  the  necropsy  of  a  man 
who  died  with  right  hemiplegia,  Zenker^  found  the  left  cerebral 
hemisphere  full  of  small,  round,  granular  abscesses,  containing  the 
parasite.  The  starting-point  was  attributed  to  the  thick  membranes 
of  aphtha  occupying  the  throat.  This  is  the  first  observation  of  the 
kind. 

*  Zenker.     Soor  in  Gehirnabscesson.     Berichtc  der  Gesellschaft  f.  Natur  iind  Hcil- 
kundo,  1861. 
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In  a  child  who  died  from  a  buccal  aphtha  twelve  days  after  birth 
bbert*  found  both  cerebral  hemispheres  studded  with  miliary 
scesses,  containing  oidian  filaments.  G.  Guidi^  has  likewise  found 
loidium  in  the  pus  of  cerebral  abscesses  in  a  girl  three  years  old. 
lally,  Dr.  Monier*  published  the  observation  of  a  cerebral  oidian 
icess  expressing  itself,  during  life,  by  hemiplegia  with  Jacksonian 
lepsy. 

lie  respiratory  apparatus  may  also  be  invaded  in  certain  cases. 
Joidium  has  been  found  in  the  pneumonic  focus  in  a  four-year-old 
Id,  in  the  lung  of  a  httle  girl  suffering  from  fetid  bronchitis,  and 
I  pulmonary  lesion  simulating  a  hydatid  cyst  of  the  liver.  Guidi 
erved  the  parasite  in  a  pulmonary  abscess  occurring  in  a  child 
«  months  old,  which  perforated  a  pulmonary  artery,  and  thus 
3ed  sudden  death  by  hemorrhage. 

tt  some  instances  the  nature  of  the  disease  has  been  recognized 
ing  life.  In  an  observation  of  Preyhan,  the  patient*  suffered 
a  pulmonary  disease,  with  hemorrhagic  pleurisy;  her  expectora- 

was  sanguinolent  and  exhaled  the  odor  of   fresh  yeast,  and 
tained  clots  formed  of  the  fungi  of  aphtha, 
idian  lesions  have  been  observed  in  the  various  segments  of  the 
stive  tract,  notably  in  the  stomach  and  intestine.     In  an  observa- 

of  SchmorP  the  parasite  invaded  the  kidneys  and  there  pro- 
?d  miliar)"  abscesses  occupying  the  surface  of  the  organs, 
hese  observations  are  very  interesting,  since  they  demonstrate 
1  oidiomycosis  such  as  is  experimentally  produced  in  animals 

possible  event  in  himian  pathology,  and  probably  of  more 
uent  occurrence  than  the  cases  reported  seem  to  indicate. 
xperimental  Oidian  Mycoses.  Klemperer*'  is  to  be  credited 
1  having  demonstrated  that  intravenous  injection  of  a  culture 
the  oidium  albicans  induces  a  fatal  disease,  characterized  by 
serous  granulations  in  the  kidneys. 

Wbbert.    Weitere  Untersuchungen  iiber  das  Schiksal  pathogener  Pilze  im  organis- 

Deuteche  med.  Wochenschrift,  1885. 
»oidi.    Ueber  Soor,  seine  Mykologie  und  Metastascnbildung.    Wiener  med.  Blatt., 

fonier.    Con8id6rations  sur  les  mycoses  c6r6brales  et  plus  particuli^rement  sur  la 
tiintion  du  muguet.    Gaz.  m^d.  de  Nantes,  1897.    Pineau.    Le  muguet  infectieiix. 
de  Paris,  1897. 

vyhan.    Pneiimonomycosis.    PJerliner  klin.  Wochenschrift,  1891. 
hmorl.    Ein  faU  von  Soomietastase  in  der  Niere.    Centralblatt  f.  Bakteriologif, 
Jd.  ix. 
emperer.    Ueber  die  Natur  des  Soorpilzes.    Centralb.  f.  klin.  Mcdicin,  1885. 
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Experiments  of  Roux  and  Linossier  showed  the  possibility  of 
nervous  sjonptoms  in  the  inoculated  animals.  My  own  researdies 
confirm  the  descriptions  of  these  authors  and  demonstrate  the 
frequency  and  variability  of  the  nervous  phenomena. 

The  more  numerous  experiments  of  Grasset*  added  some  new 
facts.  These  investigations  show  that  intravenous  injection  pro- 
duces foci  not  only  in  the  kidneys,  but  at  times  also  in  the  p>eri- 
toneum,  liver,  intestine,  heart,  and  spleen.  The  suprarenal  capsules 
are  the  seat  of  lesions  appreciable  only  under  the  microscope. 

The  first  researches  which  I  published  on  this  subject*  com- 
pleted our  knowledge  of  the  localizations  of  the  oidiimi,  the 
histological  characters  of  the  lesions,  exaltation  of  virulence,  and 
particularly  the  modifications  presented  by  the  senun  of  vaccinated 
animals. 

After  inoculation  the  animals  remain  healthy  for  a  day  of  two; 
then  they  begin  to  emaciate.  Death  may  occur  suddenly.  It  is 
often  preceded  by  paralytic  manifestations  which,  with  certain 
cultures,  are  seldom  wanting.  The  morbid  phenomena  grow  worse, 
and  the  animal  succumbs  in  a  state  of  general  exhaustion  after 
suffering,  in  some  cases,  from  convulsions.  The  necropsy  reveals 
granulations  disseminated  in  various  parts  of  the  organism. 

Histological  Study  of  the  Oidian  Tubercle.    The  histological  esr 
amination  must  be  directed  to  the  kidneys  invaded  with  nodules-* 
In  preparations  stained  with  alum-carmine,  and  picrocarmine,  tb^ 
granulations  appear,  under  slight  magnification,  in  the  form  <^* 
small  masses,  which  are  distinguished  from  the  surrounding  tisst^ 
by  their  red  color;  their  limits  are  not  absolutely  clear  and  sharf^' 
Rows  of  cells  extend  from  the  granulations  and  form  prolongation^ 
which  enter  the  tubules  of  the  kidney.     AMien  more  highly  magnifieC^ 
the  nodules  are  seen  to  be  composed  of  collections  of  embryonal 
cells,  the  yeIloT\ish  portions  corresponding  to  degenerated  elements 
fused  into  a  homogeneous  mass  (Fig.  10). 

Vaccination  Against  the  Oidium.  Noisette  has  shown  that  the 
fungi  of  aphtha  degenerate  when  cultivated  in  the  serum  of  animals 
previously  infected  with  the  mycotic  fungus,  and  a  short  time  after- 

*  Grasset.     fetude  d'un  champignon  pyog^ne  parasite  de  rhomine.     Arch,  de  nrfd. 
exp.,  Sept.,  1893.    fetude  sur  le  muguet.    Th^se  de  Paris,  1894. 

-  Roger.     Modifications  du  s^rum  chez  les  animaux  vaccina  centre  I'oidium  albiciois. 
Soc.  de  biologie,  July  4,  1896. 

*  Roger  and  Josue.     Des  alterations  du   rein  dans  roidiomycose   experim^ntale. 
Society  anatomique,  January  2,  1897. 
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ward  ihey  cease  to  multiply.  This  reaction  was  taken  advantage 
ol  bj'  the  author  in  differentiating  the  diverse  varieties  of  oidium 
fleparalcij  by  him. 


rhr  uppf  r  figure  reprrwuu 


minJ  kiilni'V :  tliP  miiUilct  ont  a  liighly  hypcrtrophifd 
rfitce  13  covcreif  with  oidium  granuloliona;  the  lower  fig\ire  represtnla 
ion  of  rhe  discaned  kidn?y  tnatunil  aiw). 


Tie  genim  of  vaccinated  animals  acts  more  energetically  upon 
plant  than  that  of  infected  ones.    In  fact,  I  have  learned  that 
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it  is  possible  to  confer  quite  a  remarkable  degree  of  immunity  up 
the  rabbit.  To  succeed  in  this  experiment  it  is  necessary  to  be{ 
with  a  weak  culture,  of  which  a  very  small  dose  is  injected  intot 
veins.  The  doses  must  be  slowly  and  progressively  increased  ui 
the  animal  is  able  to  endure  twice  or  even  three  times  the  fa 
amount. 

The  Agglutinating  Power  of  the  Serum.  Having  succeeded 
conferring  a  notable  degree  of  immunity  upon  the  animals,  \ 
writer  was  naturally  led  to  investigate  whether  the  serum  of  i 
animals  thus  treated  manifested  modifications  similar  to  th< 
observed  in  animals  which  had  received  various  bacteria.  Fi 
studying  the  serum  of  animals  submitted  to  subcutaneous  a 
intraperitoneal  inoculations,  he  noticed  that  aphtha  develops 
this  medium  as  well  as  in  the  normal  serum.  This  result  need  i 
be  wondered  at,  since,  under  these  conditions,  there  has  been 
increase  in  resistance.  If,  however,  the  serum  of  rabbits  vaccinal 
by  intravenous  inoculations  be  studied,  other  results  are  obtained 

Let  us  take  a  culture  grown  in  normal  serum  and  inoculate 
trace  of  it  into  two  tubes,  one  containing  normal  seriun,  the  otl 
serum  of  the  vaccinated  animal.  At  the  end  of  twenty-four  hoi 
development  is  very  luxuriant  in  the  normal  serum.  In  the  otl 
serum  a  few  flocculi  occupying  the  bottom  of  the  tube  may  at  tin 
be  seen  ;  at  other  times  no  development  Ls  apparent,  the  fluid  rema 
perfectly  clear.  At  the  bottom  of  the  tube,  however,  there  is  fou 
an  accumulation  of  small  granules  which  manifest  a  strong  tender 
to  agglutinate  so  as  to  sometimes  form  a  single  mass,  ^^^len  i 
fluid  is  shaken  the  granules  are  dispersed,  but  are  not  numero 
the  culture  is  a  poor  one.  Increased  development  is  observed 
the  following  days,  but  the  culture  remains  long  or  alwaj^  infer 
to  that  of  the  control. 

The  vegetating  power  of  the  oidium  becomes  so  weakened  in  i 
serum  of  the  vaccinated  animal  that  if,  at  the  end  of  four  or  f 
days,  another  tube  containing  the  same  kind  of  serum  be  inoculai 
with  this  culture,  the  fluid  remains  sterile. 

A  microscopic  examination  will  suffice  to  show  why  the  cultu 
present  such  different  aspects. 

At  the  end  of  twenty-four  hours  the  normal  serum  conta 
(Fig.  11)  filaments  associated  w4th  yeast  forms;  the  latter,  at  tii 
provided  with  a  terminal  or  lateral  bud,  are  formed  of  a  mass 
protoplasm  deeply  stained  with  methylene  blue  and  Umited 
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a  very  thin  and  colorless  cuticle.  These  fungi  are  free,  solitary, 
or  united  into  groups  of  twos  and  threes.  Even  when  thus  adher- 
ing it  is  readily  seen  that  each  of  them  has  its  proper  individuality ; 
their  cuticles  are  clearly  distinct;  there  is  only  juxtaposition,  but 
no  fusion  with  neighboring  elements. 

The  filamentous  forms  dififer  from  the  preceding  by  the  more 
pronounced  development  of  their  cuticles,  the  small  amount  of  their 


Fig.  11. 


Appearance  of  a  culture  of    oidium    albicans  in  a  normal  serum.      Beautiful   fila- 
^^  are  seen  alon^de  of  yeast  forms,  at  times  provided  with  a  terminal  or  lateral 
"**•   The  non-h(»nogeneous  protoplasm  presents  dark  and  light  parts;  it  is  limited 
•  »  thin  and  colorless  cuticle. 


P'^toplasm,  and  weaker  affinity  for  the  aniline  dyes.  The  filaments 
^  undivided,  ramified,  or  provided  with  lateral  buds  having  the 
f^fm  of  yeasts. 

*»Tien  the  culture  developed  in  the  serum  of  the  vaccinated  animal 
^examined  the  appearances  are  found  to  be  quite  different. 

I^t  us  first  consider  a  solitary  fungus :  The  protoplasm  is  colored 
^ in  the  normal  state;  it  has  the  same  appearance  and  dimensions. 
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It  is  surrounded  by  a  colorless,  hyaline,  at  times  a  sli^tly 
mass,  with  sinuous,  illy-defined  borders,  the  length  of  whicl 
or  six  times  that  of  the  normal  cuticle.  The  elements  are 
isolated;  they  form  coupleta,  grou[>8  of  three,  and  often  p 
voluminous  sizes,  made  up  of  from  ten  to  thirty  elemente 
easy  to  demonstrate  that  the  condition  here  is  not  one  of 
juxtaposition,  but  one  of  fusion  of  the  cuticles  and  formati 
true  zooglea.  The  filaments  are  here  and  there  intimately 
to  the  fungi,  which  are  either  solitary  or  agglutinated.    I 


Appcaraiico  of  n  oulliir 
liyalini-  iiioss.    The  filatneii 


in  the  at 
jmerationa  and  surrounded  h 
ijKised  of  a  protoplHsmic  mas! 


instances  one  extremity  of  i\  filament  is  lost  in  the  midst  of  ) 
tion  of  fungi  to  which  it  seems  to  have  fused. 

Conclusions  ConcemiiLg  the  Nature  of  Oidiomycosis, 
mycosis  does  not  iHITcr  from  bacterial  infections  any  more  t 
latter  do  from  each  other.  In  fact,  it  is  evidently  possible  to 
in  one  general  fornuila  the  nio<]e  of  action  of  the  various  I 
AVhen,  however,  we  come  to  considerations  of  general  pa' 
we  reach  conclusions  which,  in  the  majority  of  instances,  ai 
cable  only  to  certain  groups  of  microbes,  but  not  to  all.  Oidio 
is,  therefore,  not  to  Ix"  compared  to  a  schematic  bacterial  ir 
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the  question  is  whether  it  resembles  some  well-determined  infectious 
disease.  By  reason  of  the  lesions  it  produces  in  animals,  the  oidium 
cloeely  resembles  the  pyogenic  microbes,  notably  the  staphylococcus. 
Indeed,  in  both  cases  subcutaneous  inoculation  is  followed  by  the 
fonnation  of  an  abscess.  When  injected  into  the  veins  the  staphy- 
lococcus, like  the  fungus  of  aphtha,  gives  rise  to  miliary  abscesses. 
The  analogy  is  continued  even  in  the  locaUzation,  since  the  staphylo- 
coccic abscesses  are  often  confined  to  the  kidneys;  occasionally  the 
cocci  invade  other  organs,  notably  the  myocardium,  liver,  lungs, 
and  brain.  The  oidium  is  equally  capable  of  affecting  the  same 
organs  in  the  same  manner. 

Moreover,  vaccination  against  oidiomycosis  is  as  practicable  as 
in  bacterial  infections.  We  have  further  seen  that,  in  the  sermn 
of  animals  vaccinated  against  oidiomycosis,  modifications  similar 
to  those  observ^ed  in  animals  vaccinated  against  bacteria  are  pro- 
duced. In  both  cases  the  serum  becomes  bactericidal;  it  inhibits 
^d  weakens  the  development  of  the  pathogenic  agent. 

The  idea  of  infection  is  not  established  on  etiological  or  patho- 
P^nical  bases,  but  on  clinical  data,  to  wit,  on  the  reactionary  modes 
^f  the  affected  system.  The  facts  above  stated  demonstrate  that 
the  organism  acts  toward  the  oidium  as  it  does  toward  bacteria. 
Oidiomycosis,  then,  is  rightly  classed  with  infectious  diseases. 

Pathogenic  Role  of  Teasts. 

The  study  of  oidium  is  rendered  particularly  interesting  by  the 
^^ct  that  this  plant  represents  the  best  known  member  of  an  im- 
Want  group  of  pathogenic  agents.  In  reality,  a  great  number 
^f  .^'Pasts  give  rise  to  similar  lesions.  Thas,  Miss  L.  Rabinowitsch^ 
out  of  fifty  species  of  yeasts  taken  in  Koch's  laboratory  found 
f^^'^n  pathogenic  ones.  Noisette,  employing  a  certain  yeast  that 
^  ^^urrently  on  the  market,  showed  that  its  inoculation  produced  a 
^.^cosis  similar  to  that  caused  by  the  oidium  albicans.  San  Felice^ 
^ound  in  the  juice  of  fermented  fruits  a  pathogenic  yeast,  the  sac- 
^'tmijcw  neofarmans. 

*fe  may  also  cite  the  saccharomyces  lithogens  of  San  Felice,  the 
S-  niger  of  Maflfucci  and  Sirleo,  the  S.  septicxis  of  Gaetano,  etc. 

Lydia  Rabinowitsch.  Untersuchungen  iiber  pathogen  Hofearten.  Zoitschrift  f. 
^.^ne,  1805,  Bd.  xxi. 

San  Felice.  Ueber  eine  fur  Thiere  pathogeno  Sprosspilzart.  Centralblatt  f.  Bak- 
teriologie,  1895,  Bd.  x\u. 
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Here,  then,  are  widely  distributed  plants,  some  of  them  daily  ei 
ployed  in  the  industries,  which  are  capable  of  engendering  diseiia 

It  may  be  objected  that  these  are  merely  experimental  resul 
and  that,  in  order  to  produce  them,  such  procedures  have  be 
resorted  to  as  are  never  realized  in  the  natural  course  of  events, 
is  well  to  know,  however,  that  yeasts  are  frequently  found  in  1 
organism.  Their  presence  has  been  noted  in  cutaneous  ulo 
(Babes),  in  suppurated  dental  pulps  (Miller),  in  uterine  and  vagi 
discharges  (Colpe),  in  hypertrophied  tonsils  (de  Simoni),  in  the  bra 
of  hydrophobic  men  and  animals  (Memmo),  and  cultures  of  th 
parasites  have  at  times  produced  fatal  disturbances  in  animals. 

Recent  contributions  tend  notably  to  increase  the  r61e  of  yea 
in  pathogenesis.  An  interesting  observation  of  chronic  pyemia  v 
reported  by  Busse.^  The  symptoms  were  due  to  a  saccharomyi 
the  cultures  of  which  induced  in  animals  disturbances  similar 
those  observed  in  man.  There  appeared  also  a  series  of  contributi( 
demonstrating  that  in  man,  as  well  as  in  certain  animals,  bias 
mycetes  are  frequently  encountered  in  various  neoplasms  (San  Fel 
Roncali,  0)rselli  e  Prisco,  Ajevoli,  Secchi,  WlaeflF,  etc.).  It 
suffice  to  mention  one  among  the  numerous  observations,  tha 
Curtis.^  It  was  a  case  of  a  myxosarcoma  of  the  thigh,  compri 
y(^ast  in  a  state  of  purity  which  was  successfully  inoculated 
the  connective  tissue  of  a  rabbit.  This  does  not  mean  that  ye 
represent  the  exclusive  agents  of  tumors,  but  they  really  seen 
give  rise  to  some  of  them.  This  is  sufficient  inducement  to  ( 
more  attention  to  their  study. 

We  are  thus  in  the  presence  of  a  new  chapter,  in  its  forma 
stage,  in  the  history  of  infectious  diseases.     Blastomycetes  clai 
place  alongside  bacteria  and  streptothrix.     Oidiomycosis  may 
be  considered  as  the  type  of  mycotic  infections. 

Actinomycosis. 

Biological  Characters  of  Actinomyces.  Actinomycosis  is  a  dis 
due  to  the  presence  of  a  special  plant  belonging  to  the  class  of  stre; 
thrix  or  oospora,  and  occurring  in  the  form  of  radiate  collect) 
visible  to  the  naked  eye.     They  are  small,  yellow,  opaque  grain 

'  Hussc.  Uober  parasitare  Zelleinschliisse  unci  ihre  Ziichtung.  Ontralb.  f.  Bj 
riolop:ic,  1895.  I^d.  x\-i.    Uobor  saccharomyces  honiinis.    Virchow's  Archiv,  1S9.3,  FW 

2  Curtis.  Contribution  a  IVtude  de  la  saccharoraycose  huniaino.  Annales  de  Tins 
Pasteur,  1896. 
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variable  size.  Commoiily  of  a  golden  yellow  color,  when  young 
thpy  an-  whitish  and  translucent;  in  other  instances  their  color  is 
dark  grepa  or  sepia. 

Tlie  grain  may  easily  be  crushed.  It  is  formed  of  small  balls 
mpasuring  from  0.3/j  to  0.5ft  m  breadth  and  O.I8/1  to  0.35/t  in 
ipnpli.  mill  when  slightly  magnified  it  apjwars  in  mulberry  form. 

Each  panulation  L?  composed  of  a  central  mass  (Fig.  13},  whence 
niuiuTous  prolongations  radiate,  most  of  which  end  in  a  club-shaped 
Hilargemfnt.  These  enlargements  were  once  considered  to  be  spore- 
tearing  organs,  but  they  simply  represent  mycelial  involution  swell- 
.  Their  weak  \-il.aIity  explains  their  frequent  infiltration  with 
MUX  salts. 


^e  actinomyces  resist  the  action  of  acids,  alkali,  chloroform,  and 
^^:  hot  alkalies  render  them  pale  and  disfigure  them;  water,  even 
'twai^r,  swells  and  deforms  them. 
^^Tation  of  Actinomyces.    Actinomyces  has  (|iiit*  often  been 

^tftssfully  cultivtiti'il  in  ihe  artificial  nutrient  metha  employed  in 
^Imology.  Solidified  serum  was  employed  by  Irsael.'  Small 
^•^iiles  composed  of  grains  similar  to  those  observed  in  the  actino- 
"'J'Wiic  lesions  of  man  and  animals  maile  their  appearance  in  the 
"iPtlium  on  the  fourth  day.     Development  is  very  active  on  glycerin- 

'I-rvI,  Ccbfrdu:  Cullh-irbBrkeit  .1.  .\rlincimj-cps.   Virrhow's  ArrI,.,  1884,  Bit.  xcv. 
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ated  agar-agar;  according  to  Kischensky/  colonies  contfuning rod 
similar  to  tubercle  bacillus  appear  as  early  as  the  second  day;  the 
there  appears  at  each  extremity  a  swelling  which  stains  intenadi 
Toward  the  sixth  or  seventh  day  the  rods  become  elongated  int 
filaments  which,  after  two  or  three  weeks,  bear  at  their  extrenutii 
involutive  forms  which  can  no  longer  be  stained, 

Actinomyces  may  also  be  cultivated  in  liquid  media,  such  i 
serum,  milk,  and  bouillon.  Cultures  succeed  also  upon  potatoes  an 
in  eggs. 

The  spores  never  occur  in  living  organisms.  They  are  encom 
tered  only  in  artificial  cultures,  to  which  they  impart  a  noUb 
resisting  power. 

Fia.  14. 


Iwliou.  Numrroii,-  (ilaiiiunta  with  club-almped  extremitiea  (ml,  liyaline  bult» 
r,.pre-<i-ii(inK  clubn  in  ll^oc^■^M  of  degeneration,  and  a  few  spore-bearing  111** 
(si-      (HCrurd  nnd  Nicolas.) 

Acliiiomycos  luis  been  variously  designated  and  classed  by  difte 
luithorities.  The  point  conclusively  established  is  that  it  is  n< 
bacterium,  but  a  fungus,  to  be  placed  permanently  beside 
strcptothrix. 

Inoculation  of  Actinomyces.  Johne  was  the  first  successfuH) 
inoculate  acfinoinycos,  by  opcntting  upon  a  heifer  and  two  cah 
It  ha.s  since  been  possil)le  to  produce  the  disease  in  tlie  rabbit  l 
guinea-pig,  but  not  invariably.     Tlie  liest  results  are  obtaineii 

'  Ki-irlienikr,    Uohtr  Acliniiniyct-srrincuUiinTi.    .\rcli.  f,  oxp.  Patii,  und  Plianiu 
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the  employment  of  anaerobic  cultures  or  those  made  in  eggs.  Lieb- 
man*  thinks  the  failures  are  due  to  the  supposed  fact  that,  unUke 
the  great  majority  of  virulent  agents,  actinomyces  is  attenuated  in 
passing  through  the  bodies  of  man  and  animals ;  at  the  same  time 
its  vegetability  diminishes  in  notable  proportions.  It  would  be 
possible  for  the  parasite  to  recover  its  powers  of  vegetation  and 
\TruIence  by  cultivation  in  a  plant.  Various  experimenters,  how- 
ever, unsuccessfully  repeated  the  experiments  of  Liebman. 

Etiology.  While  very  frequent  among  certain  animals,  especially 
the  bo\idaB,  actinomycosis  is  not  rare  in  man.  In  Bergmann's 
clinics  in  Berlin  120  cases  were  collected  in  six  years.  Numerous 
obsen^ations  have  been  reported  in  France,  Switzerland,  Holland, 
and  England.  In  America  the  first  case  was  observed  in  1888  by 
Bulhoes  and  Magalhaes.  Since  that  time  a  great  number  of  cases 
have  been  observed  in  the  New  World;  actinomycosis  seems  to 
be  of  frequent  occurrence  there,  and  renders  suspicious  the  meat 
imported  to  Europe. 

Actinomycosis  may  be  observed  in  horses,  sheep,  and  hogs,  the 

Section  originating  from  plants  upon  which  these  animals  are  fed. 

^fen  are  also  often  afifected  in  the  same  manner,  in  handling  plants 

^r  accidentally  swallowing  ears  of  barley,  and  in  many  other  ways 

^tich  often  remain  unrecognized.    Alongside  the  cereals  we  must 

place  the  young  shoots  of  thorny  shrubs  and  the  bark  of  wood 

altered  by  moisture  and  mouldiness. 

It  is  well  to  mention  that  the  parasite  has  been  found  in  milk 
'^llinger)  and  eggs  (Artant),  hence  the  possibiUty  of  contamination 
^y  food. 

Evolution  of  Actinomycosis.  The  anatomical  and  clinical  evo- 
*^tion  of  actinomycosis  is  different  in  man  and  in  animals.  In 
^^  suppurating  foci  are  encountered;  in  animals  hard  tumors, 
Ambling  sarcoma.  It  was  once  believed  that  these  differences 
^^pended  upon  differences  in  the  parasites.  The  study  of  etiology, 
however,  and  especially  the  experiments  of  Irsael,  Bostroem,  and 
*^tter,  who  transmitted  the  disease  from  man  to  animals,  demou- 
nted the  unity  of  the  infection.  The  peculiar  characters  of  the 
Nady  in  man  are  due  to  the  fact  that  the  parasite  is  associated 
^th  common  pyogenic  microbes  which  add  their  action  to  that  of 
tte  actinomyces.    In  certain  observations  in  which  actinomyces 

*  Liebman.    L'actinomice  dell'  nomo.    Archiv  per  le  sc.  med.,  1890. 
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was  found  to  be  alone  the  disease  manifested  an  evolution  siim 
to  that  observed  in  animals — i.  e.,  a  solid  tumor  constituted  t 
lesion.  Suppuration  is  not  produced  in  animals,  because  they  j 
less  sensitive  to  the  action  of  pyogenic  agents. 

Therefore,  in  order  to  form  an  idea  of  the  lesions  created  by ' 
parasite  when  acting  alone,  actinomycosis  should  be  studied 
animals.  In  the  bovidie  the  disease  is  characterized  by  a  volu 
inous  tumor,  generally  located  in  the  lower  jaw  and  invading ' 
adjacent  muscles.  In  other  instances  it  begins  in  the  periosteu 
the  bone  becomes  excavated  and  filled  with  morbid  matters.  1 
teeth  are  loosened,  and  mastication  is  impossible.  If  the  tonf 
is  invaded,  this  organ  becomes  hard  (holzzunge  (woody-tongue) 
German  authors)  and  the  animal  can  no  longer  use  it.  The  pharyi 
respiratory  passages,  and  spine  may  also  be  involved. 

The  disease  is  seldom  generalized,  since  the  animals  are  kil 
too  soon.  Nevertheless,  a  few  cases  exist  in  which  the  evoluti 
was  altogether  similar  to  that  of  acute  miliary  tuberculosis.  & 
for  instance,  is  the  very  interesting  observation  made  by  Pflug  up 
a  cow. 

Pathogenic  Streptothrix.     There  exist  certain  parasites  akin 
but  not  identical  with,  actinomyces,  which  are  also  able  to  prodi 
lesions. 

Aside  from  streptothrix  fardnosa,  which  is  not  pathogenic  for  ff 
we  may  mention  four  varieties  of  streptothrix  encountered  in 
human  species:  the  S.  Fcersteriy  the  S,  asteroides  (Eppinger), 
S.  of  madura  foot,  and  the  S.  of  Poncet  and  Dor. 

Madura  foot  or  inycetom  is  an  affection  particularly  frequent 
India,  but  observed  also  in  America  and  Algeria.  Its  invasioi 
characterized  by  a  painless  and  diffuse  swelling  of  the  integume 
of  the  foot;  then  appear  little  tumors  which  are  at  first  hard, 
subseciuently  soften,  break  down,  and  give  rise  to  a  sanious 
containing  grayish,  yellowish,  or  black  granules.  The  lesion  alw 
remains  local ;  there  is  no  propagation  by  contiguity  or  by  emboli: 
The  affection  almost  invariably  terminates  in  death. 

This  parasite  is  easily  cultivated  in  vegetable  infusions  and  u] 
potatoes,  to  which  it  often  imparts  a  fine  red  color. 

Pseudoactinomvcosis  of  Poncet  and  Dor  is  expressed  bv  lesi 
analogous  to  those  of  true  actinomycosis,^  but  the  yellow  gra 

^   Dor.    Une  novivelle  mycoHc  iprainos  jaunes.    Gazette  hebdomadaire,  1896.   Poi 
De  1 'act inoinyco.se  (?t  des  mycoses  cerv'ico-faciale.s.     Ass.  francaise  de  chirurgie,  IS 
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which  are  less  numerous,  are  much  larger  and  more  easily  crushed. 
Here  are  already  thirteen  observations  of  this  mycosis  reported, 
which  seems  not  to  be  of  very  rare  occurrence. 

Myeoiei  in  Man.  Besides  the  streptothrix  there  are  plants  capable 
of  producing  lesions  more  or  less  similar  to  those  of  actinomycosis. 
The  aspergillus  and  mucors  may  especially  be  mentioned. 

Paltauf  observed  a  pharyngolaryngeal  phlegmon  with  intestinal 
ulcerations  and  pneumonia;  in  all  the  foci  was  found  a  mucedina 
similar  to  the  mucor  corymbifer  of  Lichtheim. 

A  woman  expectorated  fragments  of  pulmonary  tissue  containing 
masses  of  aspergillus  (Rother).  In  the  case  of  a  young  man  who 
was  suffering  from  aspergillian  mycosis  of  the  trachea,  inhalations 
of  iodine  vapor  sufficed  to  cure  the  affection.  Wheaton  and  Ross 
published  similar  observations. 

If,  in  addition  to  these  clinical  facts,  we  bear  in  mind  the  experi- 
mental results  demonstrating  that  various  forms  of  nmcor  or  of 
^rgillus  may  be  pathogenic,  we  are  led  to  the  assumption  that 
^  good  many  infectioas  must  be  dependent  upon  more  highly  organ- 
ized parasites.  At  the  present  day  we  are  not  thoroughly  acquainted 
^ith  any  except  actinomycosis,  which  may,  therefore,  be  regarded 
as  the  \f^  of  a  whole  group. 

Tumors  and  Infections. 

"p  do  not  intend  to  take  up  the  complex  and  as  yet  obscure 

^tory  of  tumors.    Although  convinced  of  their  i)arasitic  origin, 

'^ust  frankly  acknowledge  there  are  no  irrefutable  facts  to 

Pport  this  opinion.    One  may  take  analogies  as  a  basis.     It  must 

^Cognized,  however,  that  most  of  the  observations  upon  tumors 

P^asitic  origin  thus  far  reported  concern  sarcomatous  productions. 

^"^oma  simulates  tuberculosis  in  the  dog,  actinomycosis  in  bovidie, 

7^^  botr\''omycosis  in  the  horse.    On  the  other  hand,  it  is  un- 

J>Ubtedly  true  that  sarcomata  strikingly  resemble  inflammatory 

^^<^Qs;  there  is  structural  analogy,  at  times  identity.    The  oppo- 

^^ntg  of  the  parasitic  theory  would  readily  yield  this  group  of 

*^ors,  but  emphatically  reject  the  infectious  nature  of  epithelioma. 

There  is  no  doubt  that  the  time  Ls  fast  approaching  when  tumors 

^'1  be  differently  classified.    Lesions  of  tuberculosis,  of  glanders, 

^d  of  syphilis  which  twenty  years  ago  were  still  described  among 

Hfte  neoplasms  by  eminent    histologists  (Virehow,  among  others) 
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have  already  been  set  aside.  The  same  is  true  with  actinoi 
tumors.  Employing  the  term  timior  in  its  traditional  sense, 
be  said  that  there  are  parasitic  tumors.  On  the  other  ha 
relations  uniting  chronic  inflammations  with  adenomata,  an 
with  epitheUomata,  seem  to  prove  that  reactions  caused 
commonest  infectious  agents  may  evolve  toward  the  fomu 
neoplasms.  Mechanical  irritations  of  tissues  act  in  the  same  i 
Traumatism,  contusion,  and,  above  all,  repeated  friction  a 
tation,  may  be  followed  by  the  development  of  tumors.  The 
r61e  of  chemical  irritation  is  illustrated  by  the  develop! 
pulmonary  sarcoma  in  men  employed  in  arsenical  cobalt  f 
(Hoerting  and  Hesse).  Finally,  larger  parasites  are  also 
of  giving  rise  to  tumors.  Albarran  and  Bernard  had  the  oppc 
to  study  a  vesical  tumor  presenting  the  appearance  of  epitl 
which  appearance  was  due,  in  reaUty,  to  the  ova  of  bilharzu 
tobia  present.  With  Cadiot  and  Gilbert*  the  writer  obser 
an  old  dog,  tumors  of  the  vulva  which  had  deformed  the 
and  perforated  the  wall  at  several  points.  Microscopic  exan 
showed  that  these  productions  were  formed  of  round  cells 
midst  of  which  acarina  were  seen. 

Experimental  Tumors  of  the  Thyroid  Gland.  The  most  o 
inflammations  may  likewise  give  rise  to  neoplastic  masses  in  2 
In  this  connection  we  have  reported  the  results  of  an  exp 
made  in  conjunction  with  Dr.  Gamier.^ 

On  May  9, 1898,  we  injected  five  drops  of  a  diluted  cultun 
staphylococcus  aureus  into  the  carotid  artery  of  a  rabbit  s 
reach  the  thyroid  vessels.  Five  days  later  we  injected  th 
amount  of  the  same  culture  into  the  other  carotid.  This 
survived  three  months,  until  August  11th.  It  bore  on  th 
side  of  the  neck  an  irregular  but  clearly  encapsulated  tu 
large  a.s  a  walnut.  This  hard  tumor  had  the  appearance  of  a  s 
and  contained  in  its  interior  softer  caseous  masses.  It  repr 
the  right  lobe  of  the  thyroid  gland  extremely  developed.  '1 
lobe  had  preserved  its  normal  form  and  connections,  but 
enlarged. 

In  microscopic  sections  of   the  tumor  the  th}Toideal  tiss 


^  Cacliot,  Gilbert,  ami   Ropier.     Les  tumours  malignes  chez  les  animaux. 
ni6<iicule,  July  14.  1S04. 

'  Roger  and  Gamier.     Rccherches  cxp.'^rimentales  sur  les  infections  thyn 
La  presse  mt'^dicale,  Augu.-t  9,  1900. 
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completely  unrecognizable;  nowhere  was  there  any  trace  of  lobule, 
vesicle,  or  colloid  substance.  This  tissue  was  made  up  of  collections 
of  epithelial  cells  without  any  orderly  arrangement,  between  which 
a  few  connective  tissue  bands  were  visible.  The  epithelial  cells 
appeared  to  be  profoundly  modified;  the  nuclei  were  very  large, 
vesicular,  irregular,  and  faintly  tinged  by  the  ordinary  dyes.  Large 
numbers  of  leucocytes  infiltrated  the  entire  tumor ;  they  were  often 
disseminated  between  the  cells;  elsewhere  they  were  united  in  the 
shape  of  little  islands;  their  nuclei  were  small,  deeply  colored,  and 
contrasted  markedly  with  the  light  nuclei  of  the  epithelial  cells. 

The  left  lobe  presented  the  same  structural  alteration,  but  had 
not  undergone  the  enormous  hypertrophy  noted  in  the  right  one. 

It  was  quite  difficult  to  assign  a  place  in  nosology  to  this  morbid 
production.  In  reality  we  were  in  the  presence  of  a  genuine 
i^plasm,  and  the  great  development  of  the  tumor  could  not  be 
attributed  solely  to  the  infiltration  by  leucocytes.  In  order  to 
produce  this  enormous  mass  the  epithelial  tissue  had  abundantly 
proliferated.  It  appears,  therefore,  that  the  cells  had  responded 
to  the  morbid  excitement  by  increased  activity,  resulting  in  con- 
siderable multipUcation  of  the  epitheUal  elements  and  hypergenesis 
of  tissue.  Later,  all  these  newly-formed  cells  degenerated,  necrotic 
foci  appeared  here  and  there,  and  leucocytes  wandered  in.  This,  then, 
was  a  case  of  true  inflammatory  neoplasm  in  process  of  degeneration. 

Attempts  to  Inociilate  Cancer.    If  tumors  could  be  successfully 

• 

^Doculated,  this  would  be  a  powerful  argument  in  support  of  the 
P^itic  theory.    The  facts  thus  far  reported  are  far  from  demon- 
^^fative.    Although  it  seems  to  be  proved  that  cancer  is  inoculal)le 
from  one  part  to  another  part  of  the  organism  affected,  its  trans- 
^^ion  from  a  diseased  to  a  healthy  individual  is  doubtful,  in  spite 
^f  a  few  observations  of  cancer  of  the  penis  in  men  who  had  had 
*^  intercourse  with  women  suffering  from  uterine  cancer.    Ex- 
perimental pathology  furnishes  no  better  results ;  thas  far  no  experi- 
^nterhas  succeeded  in  transmitting  human  cancer  to  animals,  nor 
'^Di  animal  to  animal  of  similar  species.     The  only  positive  facts, 
^^^  of  Hanan  and  of  Moreau,  concerned  rats  and  mice.    According 
^  Menetrier's  remark,  inoculation  is  not  successful  except  when 
practised  upon  animals  of   the  same  family  in  which  cancer  has 
^feady  made  its  first  appearance,  and    from  that  moment  on  it 
affects  .several  in(li\aduals.    This  is  practically  equal  to  the  grafting 
of  the  disease  into  the  indi\adual  itself. 

21 


322  INFECTIO  US  DISEASES, 

Our  own  attempts,  repeated  a  great  number  of  times,  gavi 
results.  We  inoculated  the  cancer  of  man  into  dogs,  rabbits,  , 
rats,  and  the  cancer  of  dog  into  dogs  and  rabbits.  The  inoculatf( 
were  made  beneath  the  skin,  into  the  peritoneum,  and  periphe: 
veins ;  lastly,  in  view  of  the  frequency  of  secondary  cancer  in  t 
liver,  we  made  inoculations  through  the  portal  vein.  We  constani 
failed.  We  failed  even  when  we  endeavored  to  inoculate  into  ci 
cerous  dogs  fragments  of  their  own  tumors.  In  two  cases  we  belie\ 
we  obtained  positive  results.  In  one  of  them,  however,  the  tun 
found  in  the  spleen  of  an  inoculated  dog  did  not  present  the  sa 
histological  characters  as  the  mammary  neoplasm  which  had  sen 
for  the  experiment.  In  the  other  instance,  the  lesions  presented  1 
macroscopic  characters  of  cancer,  but  were  in  reality  dependent  up 
tuberculosis. 

These  two  observations  compel  us  to  regard  as  doubtful  the  ( 
observations  and  all  those  in  which  no  careful  study  of  the  histologi 
and  bacteriological  characters  of  the  lesions  were  made. 

Negative  results,  however,  do  not  warrant  denial  of  the  parasi 
nature  of  tumors.  They  only  suggest  modification  of  experimen 
methods,  since  they  demonstrate  that  the  problem  will  not  be  solv 
by  merely  multiplying  inoculations  according  to  usual  procedure 


CHAPTER    XI. 
CELLULAR  DEGENERATIONS. 

R6le  <rf  Toxins  in  the  Development  of  Cellular  Degenerations.  Study  of  the  Different 
VarietiM  of  Degenerations.  Cloudy  Swelling.  Granulo-albuminous  Degenera- 
tion. Granulo-fatty  Degeneration.  Fatty  Degeneration.  Amyloid  Degeneration. 
Pipnentwy  Degeneration. 

The  description  which  has  been  given  of  inflammatory  phenomena 
has  shown  what  are  the  reactions  excited  at  the  point  attacked  by 
"ifectious  agents.  The  purpose  of  these  reactions  is  to  circumscribe 
the  lesion  and  to  oppose  the  diffusion  of  microbes  and  toxms.  Unfor- 
tunately, the  barrier  is  too  often  inadequate :  the  microbes  and  espe- 
cWly  the  toxins  succeed  in  impregnating  the  organism  and  produce 
various  general  manifestations. 

A  local  lesion,  even  when  circumscribed,  permits  the  diffusion  of 
substances  which  impregnate  the  surrounding  tissues.  In  abscess  of 
^he  liver,  for  instance,  if  the  local  lesion  is  intense  and  of  long  stand- 
^,  secondary  alterations  occur  in  the  hepatic  cells ;  in  some  cases  the 
<*"s  in  immediate  contact  with  the  focus  are  affected;  in  other 
toances  the  whole  gland  suffers.  These  secondary  changes,  how- 
^v^r,  differ  from  the  lesions  produced  at  the  primary  focus.    The 

changes  observed  are  not  inflammatory  alterations,  but  degenera- 
tions. 

Although  cellular  degenerations  often  predominate  in  the  part 
pnmarily  attacked,  the  process  may  in  some  cases  gradually  involve 
other  tissues  or  organs.  A  suppuration  localized  in  a  bone  or  joint 
^^y  thus  be  compUcated  with  fatty  or  amyloid  degeneration  of  the 
Pnncipal  \iscera.  An  important  r61e  was  once  attributed  to  hyper- 
^^rniia,  insufficient  supply  of  oxygen,  respiratory  and  digestive 
^fclors  in  the  genesis  of  steatosis.  It  is  at  present  known  that 
^^^  pathogenic  factors  are  of  little  importance :  the  true  cause  of 
^^^  Qiorbid  events  is  found  in  the  diffusion  of  toxins. 

^e  first  stage  of  cellular  degeneration  consists  in  cloudy  swelling, 

^fl^  cells  are  swollen  and  filled  wdth  an  albuminous  or  serous  fluid 

Mding  small  granules  in  suspension.    The  latter  present  two  stages  : 

^t  first,  there  is  gramUcHilbuminous  degeneration;  later,  granulo- 


324  INFECTIO  US  DISEASES. 

fatty  degeneration.  In  the  former  case  acetic  acid  swells  the  p 
ules  and  then  dissolves  them;  in  the  latter  instance  the  granules 
colored  dark  by  osmic  acid.  This  morbid  state  is  observed  in  agi 
number  of  inflammations;  it  affects  the  protoplasm  and  may  invc 
the  nucleus  and  nucleolus  of  the  cells. 

At  a  more  advanced  stage  we  find  fatty  degeneration,  prop 
so  called,  or  steatosis.  This  process,  which  plays  a  notable  r51( 
pathology,  must  not  be  confounded  with  fatty  infUtraiixm,  whic 
observed,  for  instance,  in  obesity.  In  the  case  of  fatty  infiltra 
there  is  simple  deposition  of  fat  in  the  interior  of  the  cell ;  the  pr 
plasm  may  be  pushed  aside,  but  its  activity  is  not  appreciably 
turbed.  On  the  other  hand,  in  the  case  of  steatosis  or  fatty  dq 
eration  the  protoplasm  itself  is  transformed  into  fat.  Under 
influence  of  nutritional  disturbances  the  proteid  substance  suffe 
peculiar  metamorphosis;  hence  the  physiological  function  of 
element  is  profoundly  affected  or  even  completely  lost. 

Mucoid  or  colloid  degeneration  is  observed  in  the  epithelial  o 
It  is  characterized  by  the  deposition  of  mucinoid  substance  in 
interior  of  the  protoplasm.  This  may  be  compared  to  vam 
degeneration  in  which  vacuoles  appear  to  be  present  in  the  ( 
This  phenomenon  is  in  reality  due  to  the  presence  of  small  c; 
filled  with  an  albuminoid  substance.  In  colloid  degeneration 
material  elaborated  in  the  diseased  cells  may  be  expelled.  If  it  en 
an  excretory  duct  it  will  be  eliminated  from  the  system.  Such, 
example,  is  what  occurs  in  the  kidney;  the  colloid  masses  exu 
from  the  cells  unite,  coalesce,  and  form  cylinders  which  are  detec 
in  the  urine  by  microscopic  examination.  WTien  the  substanc 
retained  at  the  point  of  elaboration  it  gives  rise  to  the  developni 
of  more  or  less  voluminous  cysts.  Thus  are  explained  the  cy 
degenerations  of  the  kidney  and  liver,  the  formation  of  colloid  c; 
in  the  thyroid  gland,  etc.  As  the  same  process,  however,  may  IJ 
wise  affect  pathological  cells,  cysts  may  be  produced  in  tumors, 
ovarian  cyst,  for  instance,  is  looked  upon  as  an  epithelioma  chai 
terized  by  colloid  degeneration. 

Another  important  variety  of  degeneration  is  represented  by  h 
line  degeneration.  It  is  essentially  characterized  by  the  product 
of  refractive,  homogeneous  masses.  It  is  frequently  encountere( 
cases  of  nephritis,  in  inflammation  of  the  ovary,  and  in  tubercuk 
it  is  not  rare  in  the  small  aneurisms  found  in  the  walls  of  tuberc 
cavities. 
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Parallel  with  hyaline  degeneration  may  be  placed  transparent 
degeneration,  observed  by  Hanot  and  Gilbert  in  the  livers  of  persons 
(lead  of  cholera.  The  protoplasm  of  the  hepatic  cells  becomes  com- 
pletely transparent,  the  nucleus  alone  persisting. 

Lastly,  Zenker's  waxy  degeneration  is  generally  considered  to  be 
the  same  as  hyaline  degeneration.  It  is  an  alteration  attacking  the 
striated  muscles.  It  was  first  encountered  in  typhoid  fever,  and  was 
subsequently  observed  in  a  great  munber  of  infections.  It  may  also 
be  experimentally  produced  by  tetanization  of  the  muscles.  It  is 
essentially  characterized  by  swelling,  hyaline  metamorphosis,  and 
fragmentation  of  the  muscular  tissue. 

There  is  no  accurate  knowledge  concerning  the  nature  of  hyaline 
degeneration.  It  has  been  noticed  that  the  substance  infiltrating 
the  cells  resists  reagents.  This  fact  is  one  of  the  reasons  why  it 
is  compared  to  another  variety  of  degeneration,  viz.,  amyloid  degen- 
eratm. 

Hyaline  degeneration  must  not  be  confounded  with  glassy  degen- 
Mim.  The  latter  is  essentially  characterized  by  a  transformation 
of  the  cell,  all  parts  of  which  lose  their  histochemical  properties. 
The  protoplasm,  nucleus,  and  nucleolus  are  no  longer  dififerentiated. 
It  would  seem,  therefore,  that  this  process  should  be  identified  wdth 
f^oid  degeneration  or  coagulation  necrosis.  This  is  a  process  sim- 
ilar to  the  one  presiding  over  the  coagulation  of  organic  substances 
Waining  fibrin. 

It  is  often  stated  that  glassy  degeneration  is  the  first  stage  of 
^m  degeneration.  In  fact,  it  seems  certain  that  the  cells  are 
attacked  by  coagulation  necrosis  before  undergoing  the  transforma- 
^on  or,  one  might  almost  say,  the  special  fermentation  which  ends 
*Q  their  caseation. 

^ere  still  remains  pigmentary  degeneration^  characterized  by  a 
^ansformation  of  the  protoplasm.  It  should  not  be  confounded 
^^^  pigmentary  infiltration  due  to  a  simple  accumulation  of  pig- 
"^Qts  transported  to  the  cell.  The  difference  here  is  the  same  as 
"^*t  between  fatty  degeneration  and  fatty  infiltration. 

-^  Xerotic  degeneration  is  also  often  spoken  of.  This  is  the  process 
^ch  has  already  been  described  as  a  mode  of  repair,  a  true  cica- 
"i^tion.  Connective  tissue  develops  in  order  to  replace  the  cells 
"^athave  degenerated  or  disappeared.  The  cicatrized  tissue  is  some- 
"^es  infiltrated  with  calcareous  salts ;  this  process  is  known  as  caU 
careous  degeneration. 
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• 

Causes  of  Cellular  Degenerations.  Although  degenerations  dif 
m  their  anatomical  and  cHnical  expression  and  occur  under  coin 
tions  peculiar  to  each  of  them,  and  also  have  a  dissimilar  significai 
and  evolution,  the  numerous  varieties  above  described  are,  nev 
theless,  related  by  analogous  etiological  and  pathogenic  conditio 

Cellular  degenerations  always  express  some  nutritional  dist 
bance.    The  latter  may  depend  upon  three  distinct  causes:  1.  D 
cient  supply  of  materials  destined  for  nutrition;  2,  vitiation  of 
interstitial  plasma — i,  e.,  an  intoxication  disturbing  nutritive  met 
olism;  3,  disturbance  or  suppression  of  the  functions  of  the  cell 

At  the  head  of  the  first  group  is  naturally  placed  starvation, 
has  been  demonstrated  by  a  great  nimiber  of  observations  and  exp 
ments  that  suppression  of  alimentation  is  speedily  followed  by  ce! 
lar  degeneration,  under  the  form  of  fatty  metamorphosis. 

The  same  results  are  observed  when  the  blood  is  altered,  eit 
because  it  no  longer  brings  to  the  cells  a  sufficient  amount  of  alim 
or  because  it  is  not  charged  with  the  requisite  quantity  of  oxyg 
The  former  condition  is  realized  when  the  blood  mass  is  lessened, 
example,  as  the  result  of  profuse  hemorrhages ;  the  latter  occurs  wl 
the  blood  corpuscles  are  altered  or  decreased  in  number,  to  wit,  wl 
a  local  or  a  general  anemia  exists. 

It  is  stated  that  accumulation  of  carbonic  acid  produces  the  sa 
effect  as  inadequate  supply  of  oxygen,  and  this  explains  the  occ 
rence  of  degeneration  in  cases  of  venous  obliteration  or  cardioj 
monary  insufficiency.  In  this  case,  however,  the  process  is  rat 
one  of  intoxication,  and  we  are  thus  led  to  the  consideration  of 
second  group. 

It  is  known  that  a  great  number  of  mineral  poisons  give  rise 
cellular  degenerations.  It  will  suffice  to  mention  arsenic  and  es 
cially  phosphorus. 

The  same  is  true  of  cases  of  endogenous  intoxication.  WTiet 
the  question  be  one  of  noxious  products  developed  under  the  influe 
of  cellular  life,  or  one  of  substances  formed  by  bacteria  normalb 
accidentally  inhabiting  our  bodies,  the  result  is  the  same.  Let 
assume,  for  example,  the  condition  to  be  one  of  increased  gasi 
intestinal  putrefaction;  as  a  result  of  the  absorption  of  excess 
amounts  of  toxins  formed,  a  degeneration  of  the  hepatic  and  n 
cells  will  occur,  and  this  may  prove  to  be  the  beginning  of  a  cirrh 
or  a  nephritis.  A  good  many  cases  of  Bright 's  disease  are  due  t< 
other  origin. 
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What  is  done  by  the  toxins  of  putrefaction  is  more  fully  realized 
by  the  toxins  of  pathogenic  agents.  The  numerous  varieties  of 
degeneration  above  described  are  encountered  in  the  course  of  infec- 
tious diseases — from  cloudy  swelling  to  steatosis,  coagulation  necro- 
SB,  and  amyloid  degeneration. 

We  have  stated  that  degeneration  may  be  referable  to  suppression 
or  disorder  of  cellular  activity.  An  important  distinction  must  be 
introduced  at  this  point.  In  cases  of  simple  lack  of  function  atrophy 
occurs,  but  not  degeneration.  The  muscles  of  an  individual  who 
remains  inactive  diminish  simply  in  volume ;  when,  for  instance,  a 
limb  is  placed  in  an  immovable  apparatus,  it  atrophies  but  does  not 
degenerate.  The  same  is  true  of  glands  which  remain  at  rest.  On 
the  other  hand,  degeneration  is  produced  when  lack  of  activity 
results  from  functional  disturbance.  If  a  muscle  or  a  gland  remains 
at  rest  because  its  nutrient  vessels  are  altered  or  because  the  nervous 
cells  controlling  the  functions  or  the  nerves  transmitting  the  impulses 
we  affected,  it  is  not  atrophy  but  degeneration  that  occurs.  Thus, 
section  of  a  nerve  does  not  act  upon  the  muscle  through  the  immo- 
bihty  resulting  therefrom;  the  phenomena  are  more  complex — the 
liwessary  stinmlus  is  suppressed  and  degeneration  seems  again  to  be 
connected  with  a  trophic  disturbance. 

Without  wishing  to  even  briefly  study  the  different  varieties  of 
degenerations,  it  may  be  well  to  give  some  complementary  informa- 
tion concerning  those  most  frequently  encountered  and  which  have 
^us  far  only  been  alluded  to :  fatty  degeneration  and  amyloid  degen- 
^ation.  We  shall  then  present  some  considerations  relative  to  pig- 
mentarj'  degeneration. 

Fatty  Degeneration. 

^^tty  degeneration  or  steatosis  is  essentially  characterized  by  a 
'*tty  transformation  of  the  nitrogenous  substance  which  enters  into 
^e  constitution  of  anatomical  elements.  As  already  stated,  this 
should  be  carefully  distinguished  from  fatty  infiltration,  which  Ls  in 
'^ty  a  cellular  obesity.  In  the  latter  case  fat  is  stored  up  in  the 
J^llular  membrane  and,  in  order  to  make  room  for  it,  the  protoplasm 
^  slightly  pushed  aside.  There  is  addition  of  a  new  substance,  and 
^ot  metamorphosis  of  one  already  existing. 

fatty  degeneration  may  be  established  at  once  or  follow  another 
vanety,  such  as  granular  degeneration,  cloudy  swelling,  or  albumin- 
ous infiltration.    Under  the  microscope,  in  specimens  fixed  by  means 
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of  osmic  acid,  fat  appears  in  the  form  of  small,  black  granul^^ 
isolated  or  united  in  masses,  and  particularly  profuse  around  tl»^ 
nucleus.  This  steatosis  is  frequent  in  the  liver,  kidnejrs,  myocaT^ 
dium,  and  muscles.  It  originates  under  the  most  varied  conditions- 
Nutritive  disturbances  caused  by  high  temperatures  are  considered 
important  etiological  factors,  and  are  supposed  to  explain  the  frr" 
quency  of  steatosis  in  infections.  It  should  be  remarked,  however, 
that  in  this  instance  the  problem  is  a  highly  complex  one,  since 
the  alterations  may  be  more  easily  accounted  for  by  a  production 
of  toxins  than  by  thermal  elevation.  Nevertheless,  the  latter 
pathogenic  condition  may  also  be  taken  into  account,  because  fatty 
degeneration  has  been  induced  experimentally  in  animals  whose 
temperature  was  raised  by  prolonged  confinement  in  an  oven. 
The  alteration  is  supposed  to  be  due  to  a  lack  of  oxidation,  since, 
under  the  influence  of  high  temperature,  the  red  blood  corpuscles 
take  up  less  oxygen  than  under  normal  conditions. 

The  same  explanation  may  be  applied  to  other  etiological  condi- 
tions. The  steatosis  manifesting  itself  in  the  course  of  infections  and 
poisonings  may  be  attributed  to  deficient  oxidation. 

Finally,  steatosis  occurs  when  an  organ  is  rendered  inactive  if^ 
consequence  of  suppression  of  nervous  excitation,  because  metabo--^ 
lism  does  not  progress  in  a  normal  manner.    Nervous  influence  v^ 
indispensable  for  the  regular  performance  of  nutrition.    WTien  thi^^ 
influence  fails,  oxidation  diminishes  and  fatty  degeneration  is  pro-^ 
ducod.     The  more  active  an  organ  is,  the  greater  are  its  demands  ^ 
for  oxygen;  consecjuently,  if  the  supply  of  this  gas  be  diminished, 
degeneration  will  first  affect  those  parts  which  manifest  the  greatest 
physiological  activity.     Among  the  muscles  the  myocardium  is  first 
attacked,  then  the  diaphragm;  among  the  glands,  the  liver  and  the 
kidnevs. 

It  is  not  superfluous  to  note  that  steatosis  occurs  when  there  is 
diminution  but  not  suppression  of  oxidations.  Stricture  of  an  artery 
gives  rise  to  fatty  degeneration ;  its  obliteration,  if  not  partially  com- 
pensated by  collateral  circulation,  results  in  necrosis.  Suppression 
of  oxidation  ends  in  the  death  of  the  cellular  elements. 

Amyloid  Degeneration. 

Amyloid  degeneration  was  described  by  Rokitansky  (1842)  under 
the  name  lardaceojis  degeneration ^  by  Christensen  (1844)  under  the 
designation  loaxy  degeneration.    Virchow  (1853)  gave  it  the  name 
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it  now  bears.  In  1858  and  1859  Kekule  and  Schmidt  showed  that 
amyloid  tissue  is  not,  as  might  be  assumed,  an  amylaceous  substance ; 
it  is  an  albuminoid — i.  e.,  a  nitrogenous  substance. 

In  whatever  locality  it  may  be  found  it  is  recognized  by  means 
of  certain  very  simple  reactions.  Under  the  influence  of  the  iodo- 
iodide  test  it  gives  a  mahogany-red  color,  which  becomes  violet-red 
on  addition  of  sulphuric  acid.  On  contact  with  methyl-violet  it 
becomes  red. 

Amyloid  substimce  is  perhaps  normally  met  with  in  certain  parts 
of  the  organism.  It  often  constitutes  an  epiphenomenon  in  the 
course  of  the  most  varied  affections,  notably  of  nephritis.  In  certain 
cases  it  may  be  so  widely  distributed  that  amyloidism  is  the  prin- 
cipal phenomenon.  Cohnheim  has  reported  cases  in  which  amyloid 
degeneration  invaded  the  organism  without  any  cause  to  explain  this 
alteration.  Such  an  event  is  exceptional.  Amyloid  degeneration 
Dearly  always  occm^  in  the  course  of  infectious  diseases  that  are 
liable  to  induce  cachectic  conditions,  such  as  tuberculosis,  syphilis, 
a^d  multiple  suppurations. 

Tuberculosis  stands  at  the  head  of  the  list.    Amyloidism  is  com- 
''^only  observed  in  patients  who  have  pulmonary  cavities,  extensive 
*^ODs  of  the  intestine,  articular  or  osseous  suppurations,  necrosis, 
^(1  caries.    The  foci  nearly  always  communicate  with  the  exterior. 
-^^xt  comes  syphilis,  particularly  inherited  syphilis.    The  spleen  is 
^he  organ  chiefly  affected.    Suppurations  of  long  standing  may  also 
E^^'e  rise  to  amyloid  degeneration.     Sometimes  arthropathies  or 
osseous  suppurations ;  at  other  times  visceral  abscesses,  dilatation  of 
t.V\e  bronchi,  or  multiple  abscesses  of  the  skin,  are  the  causative  fac- 
tors.  Lastly,  among  the  rarer  causes,  we  may  cite  cancer,  especially 
>3lcerated  cancer,  and  malaria. 

This  etiological  multiplicity  shows  that  individuals  of  all  ages  may 
"e  attacked.  Amyloidism,  however,  is  particularly  frequent  among 
^^  and  at  the  middle  period  of  life,  viz.,  between  twenty  and 
^y  years. 

^^lAnals  are  not  exempt  from  this  degeneration.  As  in  man,  it 
rencountered  in  tuberculosis  and  chronic  suppurations.  Krawkow^ 
succeeded  in  producing  it  experimentally.  It  is  constantly  observed 
^  tubercular  pheasants,  in  the  livers  of  which  the  tubercles  are 
surrounded  by  a  zone  of  connective  tissue  infiltrated  with  amyloid 
substance. 
It  is  at  present  imiversally  agreed  that  amyloid  matter  should  be 
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classed  as  of  nitrogenous  origin,  but  the  mechanism  presiding  oV^^ 
its  formation  is  as  yet  unknown.  Wagner  holds  this  substance  ^ 
be  intermediate  between  albumins  and  fats,  and  this  would  explai 
the  frequent  coexistence  of  amyloid  and  fatty  degenerations.  Recfc 
linghausen  believes  a  homogeneous  matter  is  exuded  from  the  cell 
which  coagulates  on  contact  with  the  interstitial  fluids.  In  th 
opinion  of  Ziegler,  the  diseased  cells  are  imable  to  utilize  the  albumin 
escaping  from  the  vessels;  hence  the  albumins  undergo  a  specifi 
metamorphosis. 

At  all  events,  it  is  certain  that  amyloid  degeneration  is  close! 
related  to  fatty  degeneration,  since  it  is  produced  under  the  sani 
conditions,  and  must,  therefore,  be  considered  as  connected  with  cfe 
turbance  of  albuminous  nutrition. 

Amyloid  degeneration  affects  the  vessels  and  the  connective  tissu 
in  a  predominant  if  not  an  exclusive  manner.  In  the  arteries  : 
begins  in  the  inner  coat,  sparing  the  endothelium;  it  is  especiall 
marked  in  the  middle  coat.  It  extends  to  the  capillaries,  which 
transforms  into  vitreous,  homogeneous  tubes  lined  with  epitheli: 
cells  which  remain  intact. 

Wiien  it  affects  the  organs  it  appears  in  three  different  macroscop: 
forms.  The  whole  or  the  greater  part  of  the  organ  is  invaded;  tb 
tissue  becomes  homogeneoas,  semitransparent,  and  lardaceous.  P 
other  times  the  i)rocess  is  limited  to  small  foci  presenting  the  appea 
ance  of  sago  grains.  Finally,  the  lesions  may  be  minute  and  reco| 
nizable  only  under  the  microscope  or  by  transmitted  light  in  tW 
sections  treated  with  the  usual  reagents. 

The  liver,  which  is  the  organ  most  frequently  attacked,  ]:)econn 
considerably  enlarged;  it  appears  pasty,  lardaceous,  and  alnict 
bloodless.  Under  the  microscope,  infiltration  of  the  capillarie' 
the  hepatic  artery,  more  rarely,  of  the  portal  vein,  is  found.  As " 
the  changes  in  the  hepatic  cells  themselves,  discussion  is  still  ope 
Some  authors  assert  that  degeneration  occurs ;  others  contend  ths 
the  vitreous  masses  encountered  are  not  altered  cells,  but  amylo. 
masses  exuded  from  the  vessels. 

The  localization  is  analogous  in  the  other  organs.  In  the  splee 
it  is  mainly  deposited  in  the  Malpighian  corpuscles.  In  the  kidnej 
it  is  found  in  the  vessels,  glomeruli,  connective  tissue,  and  the  wal 
of  the  m-iniferous  tubules.  The  epithelial  cells  are  often  altered,  bi 
never  amyloid.  We  may  also  mention  the  amyloid  degeneratic 
occurring  in  the  lymphatic  glands,  in  the  intestinal  mucous  men 
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brane,  and  the  heart,  where  the  muscle  cells  may  be  involved 
(LetulleandNicoUe). 

WTien  amyloid  degeneration  is  localized  it  does  not  give  rise  to 
any  special  disturbances.  Thus,  in  parenchymatous  nephritis,  in 
which  it  is  almost  constant,  it  is  not  expressed  by  any  appreciable 
manifestation. 

When  it  is  extensive  it  produces  a  certain  number  of  phenomena 
which  vary  according  to  its  predominance  in  this  or  that  organ.  The 
first  indications  are  paleness  of  the  patient — paleness  of  the  skin  and 
mucous  membranes — and  loss  of  strength.  Examination  of  the 
abdomen  reveals  considerable  hypertrophy  of  the  liver  and  spleen; 
diarrhea  is  of  frequent  occurrence ;  the  urine  is  remarkable  for  its 
abundance,  pale  color,  and  the  great  amount  of  albumin  which  it 
contains,  at  least  in  certain  cases. 

Thou^  a  fatal  termination  is  the  rule,  recovery  is  possible.  The 
patient  overcomes  the  cause  that  has  produced  the  degeneration,  and 
the  latter  subsides  and  finally  disappears.  Cohnheim,  who  has  laid 
stress  upon  this  evolution,  cites  the  following  experiment :  Fragments 
of  amyloid  tissue  when  introduced  into  the  peritoneal  cavity  of  an 
*Dinial  are  rapidly  absorbed.  According  to  him,  it  must  be  concluded 
that  absorption  of  this  substance  may  occur  in  the  human  organism. 
Iliis  experience  is  interesting,  since  amyloid  matter  is  very  resistant. 
It  is  not  altered  when  submitted  to  artificial  digestion  with  pepsin 
^d  hydrochloric  acid.  Indeed,  these  are  the  means  generally  em- 
ployed for  its  preparation. 

Pigmentary  Degeneration. 

There  are  cases  of  simple  pigmentary  infiltration  and  cases  of  pig- 
naentary  degeneration.  The  cells  may  be  charged  with  coloring- 
otters,  particularly  the  leucocytes,  which  are  often  loaded  with 
^^u,  even  under  normal  conditions.  In  other  cases  the  cells  may 
^infiltrated  with  more  or  less  modified  blood  pigment  derived  from 
Conner  hemorrhage.  Finally,  various  black  pigments,  apparently 
^ved  from  the  blood,  may  accumulate  in  certain  anatomical 
^i^ments  without  disturbing  their  function.  In  the  case  of  pigmen- 
^  degeneration,  on  the  contrary,  cellular  alterations  are  found 
^ch  account  for  the  disorders  observed  during  life. 

Rgmentary  degeneration,  which  is  chiefly  observed  in  malaria,  is 
^ntially  characterized  by  the  accumulation  within  the  cells  of  an 
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okra  matter  {pigment  acre  of  Kelsch  and  Kiener,  rubigin  of  Ausch 
and  Lapique),  which  has  the  property  of  turning  black  under  t! 
action  of  ammonia  sulphydrate,  or  blue  on  addition  of  potassii] 
ferrocyanide  and  dilute  hydrochloric  acid.  The  latter  reaction,  whi 
is  very  sensitive,  is  currently  employed  in  histology.  In  preparatic 
thus  treated  it  may  be  seen  that  the  pigment  invades  the  protoplas 
pushes  it  aside,  atrophies  the  nucleus  and  causes  disappearance 
the  latter.  All  organs  are  not  equally  liable  to  attack.  As  is  alwa 
the  case,  the  frequency  of  the  lesions  is  in  proportion  to  functior 
activity.  The  liver  Ls  the  organ  most  frequently  invaded ;  next  cor 
the  kidneys,  then  the  myocardiiun  and  the  pancreas. 
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7^*fe.  Persistent  Hyperthermia  in  Man.  Causes  of  this  Difference.  Produc- 
^on  of  Heat  in  Fevers  by  Retention.  State  of  Oxidations.  The  Thermogenic 
°^f  of  the  Blood.  R61e  of  the  Liver,  Kidney,  and  Lungs  in  the  Production  of 
^**''-  R61e  of  the  Muscles  and  Nervous  System.  Therapeutic  Deductions- 
"^''actere  of  Fever  in  Some  Infections.    Semiological  Value  of  the  Thermal  Course. 

Functional  Synergies  and  Morbid  Sympathies. 

^HE  Various  parts  of  the  system  are  so  closely  united  by  synergies 
I        *^  ^^   is  impossible  for  a  lesion  to  remain  absolutely  local.    On 
siiperfieial  examination  the  disturbances  may  appear  to  be  confined 
^^  part  of  the  organism;  in  reality,  however,  it  necessarily  gives 
^  to  a  great  number  of  modifications  in  the  entire  economy.    Reac- 
^^  may  be  more  or  less  marked,  at  times  even  imperceptible; 
^^vertheless  they  exist. 
\^  is   highly  interesting  to  investigate  the  mechanism  through 
^^^h  the  lesions  of  an  organ  affect  the  rest  of  the  system, 
^he  connections  existing  between  the  varioas  parts  of  the  organism 
^^S*^t  the  following  classification  of  the  pathogenic  processes  of  a 
^^ondarj^  order: 

1-   Functional  synergies. 
^-   Contiguity  of  organs. 
•^-  Vascular  connections. 
"*•  Nervous  connections, 
^lorring  for  the  general  study  of  secondary  pathogenic  processes 
^^  article  which  the  author  has  devoted  to  this  subject/  he  will 
^der  only  their  importance  in  infectious  diseases. 
1        'Actional  Synergies.    As  the  result  of  physiological  researches 
I      ^^  clinical  observations,  parts  which  were  separated  by  anatomical 

'^r.     Les  processus  pathog^niques  de  deuxidme  ordre.     Traits  do  pathologic 
«^*»^,  published  by  Prof.  Bouchard,  Paris,  1899,  vol.  iii.  p.  483. 
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study  have  been  united.  Thus  are  formed  physiological  unitieB, 
acting  in  harmony  and  working  together  to  insure  the  same  function. 
For  example,  the  motor  cell,  the  muscle,  and  the  nerve  that  unites 
them  represent  a  whole  from  the  functional  standpoint.  Pathology 
agrees  with  physiology  by  showing  that  the  alteration  of  one  of  these 
parts  effectively  influences  the  others.  We  cannot,  however,  expand  ■ 
on  these  facts,  since  they  present  nothing  peculiar  in  infections.  When 
alterations  of  an  organ  induce  lesions  in  another  the  process  is  an 
autogenous  one  which  acquires  no  particular  character  from  the 
acting  cause.  Thus,  destruction  of  the  cells  in  the  anterior  horn  of 
the  spinal  cord  results  in  atrophy  of  the  corresponding  muscular 
fibres.  Here  is  a  striking  example  of  morbid  sympathy  correspond- 
ing exactly  to  a  functional  synergy.  However,  whatever  the  cause 
that  has  produced  the  cellular  lesion  may  be,  the  muscle  will  degen- 
erate. Likewise,  when  lesions  of  the  liver  produce  consecutive 
lesions  in  the  kidneys,  the  process  that  has  aeted  upon  the  hepatic 
gland  imparts  no  particular  character  to  the  renal  lesion.  It  is  not 
superfluous  to  refer  to  these  facts,  for  they  explain  a  great  variety 
of  symptoms  occurring  in  the  com^se  or  in  consequence  of  infectious 
diseases. 

Contiguity  of  Organs.    It  will  suffice  to  recall  for  a  moment  th^ 
anatomical  positions  and  mutual  relations  of  organs  in  order  tc^ 
comprehend  how  lesions  developing  in  one  of  them  may  mechani^^ 
cally  affect  the  others.      A  purulent  focus  produced  in  one  part  ^ 
compresses  the  adjacent  parts  and  produces  in  them  various  dis- 
turbances which  may  be  transitory — i.  e.,  disappear  with  the  lesion 
which  caused  them — or  may  survive  it  and  run  an  independent 
course  of  evolution. 

If  the  compressing  organ  is  the  seat  of  an  inflammatory  affection, 
notably  a  suppurating  or  gangrenous  lesion,  it  may,  in  addition  to 
the  mechanical  influence,  exert  a  specific  action.  An  inflamed  tissue 
often  gives  rise  to  paralysis  in  subjacent  parts.  Stokes  long  ago 
proved  this  fact  as  regards  the  diaphragm  in  cases  of  purulent  pleu- 
risy. Likewise,  a  phlegmonous  angina  may  cause  paralysis  of  the 
palate.  In  certain  rare  instances  an  acute  pericarditis  may  produce 
paralysis  of  the  myocardium.  What  is  produced  in  the  striated 
muscles  is  likewise  observed  in  the  non-striated;  such  is  the  case  in 
gastrointestinal  paralysis  occurring  in  peritonitis. 

Are  these  paralytic  ])henomena  due  to  the  special  influence  of  the 
inflamed  tissue,  or  arc  they  the  result  of  the  action  of  soluble  products 
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secreted  by  the  pathogenic  agents?    It  is  at  present  impossible  to 
answer  these  questions.    They  require  experimental  investigations. 

Tascolar  Connections.  By  acting  upon  the  heart,  disturbing  its 
function,  altering  its  tissues,  or  by  creating  valvular  lesions,  infec- 
tions produce  profound  modifications  in  the  blood  circulation, 
and  thus  give  rise  to  a  series  of  disorders  throughout  the  entire 
system. 

Sole  of  Embolism.  It  is  through  the  vascular  system  particularly 
that  infectious  foci  produce  lesions  in  distant  parts.  Vessels  trav- 
ersing diseased  parts  are  often  obliterated  either  because  microbes 
penetrate  into  them  or  because  toxiiLs  diffuse  and  give  rise  to  toxic 
endarteritis  or  endophlebitis.  The  latter  hypothesis  is  supported  by 
the  fact  that  emboli  are  not  necessarily  infective ;  they  may  act 
mechanically.  It  is,  therefore,  possible  to  observe  fibrinous  emboli 
exuded  from  an  obliterated  vein  in  contact  with  a  purulent  focus ;  in 
other  instances  fatty  emboli  occur,  originating  from  an  osteo- 
mwUtis. 

Besides  mechanical  emboli,  there  are  animate  ones  which  have  a 

highly  important  bearing  on  our  subject,  since  they  account  for  the 

extension  and  generalization  of  a  great  number  of  lesions.    Let  us 

^^e,  for  example,  actinomycosis.    The  primary  focus  may  give  rise 

^0  secondary,  sometimes  multiple,  lesions,  which  in  some  cases  are 

efficiently  numerous  to  suggest  pyemia.    The  same  is  true  of  cases 

^^ aphtha;  and  this  result  is  comprehensible,  since  Wagner  has  shown 

^hat  the  oidium  sends  out  prolongations  into  the  vessels  of  the 

'Qucous  membrane.     In  this  way  is  explained  the  formation  of  vis- 

^^al  foci,  such  as  have  been  recorded  by  Zenker  and  Ribbert. 

It  is  in  generalization  of  infectious  lesions  especially,  however,  that 

phlebitis  and  embolism  intervene.    Since  the  researches  of  Cruveil- 

*^erand  Virchow  their  r61e  in  the  production  of  pyemia  is  well  known. 

^ter  having  colonized  in  a  clot,  microbes  manifest  a  stronger  ten- 

^^Dcy  to  disperse  and  multiply  in  various  organs.    In  fixing  them- 

^'ves  upon  the  vessels  they  seem  to  be  aided  by  solid  particles  which 

^'e  them  as  vehicles  of  transportation.     The  secondary  lesioiLs 

^hich  they  thus  create  are  similar  to  those  of  the  original  focus. 

Such  is  not  always  the  case,  however.    When,  for  instance,  pyogenic 

Diicrobes  derived  from  a  purulent  lesion  make  their  way  into  the 

'ung  they  produce  in  the  latter  organ  lesions  which  are  secondarily 

invaded  by  the  bacteria  of  putrefaction,  and  thus  is  formed  a  gan- 

g^nom  focus. 
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Emboli  generally  follow  a  route  traced  in  advance  and  governed 
by  the  laws  of  the  circulatory  mechanics.  There  are  excepticHttl 
cases  described  under  the  name  retrograding  or  paradoxical  emboi 
Paradoxical  embolism  is  explained  by  the  persistence  of  Botal's 
foramen  (Cohnheim,  Litten,  Zahn).  Retrograde  embolism  is  due  to 
cough  and  effort  which  disturb  the  circulation  in  the  inferior  veni 
cava  and  cause  emboli  to  retrograde  in  the  hepatic  and  even  renal 
veins  (Recklinghausen). 

Lymphatic  emboli  should  not  be  overlooked,  although  less  impor- 
tant than  blood  emboli.  They  account  for  the  spread  of  microbes, 
and  sometimes,  especially  in  the  thorax,  they  may  be  of  retrograde 
type.  These  emboli  are  interesting  because  they  demonstrate  tic 
action  of  the  lymphatic  glands  in  cases  of  visceral  lesions  and  how 
they,  in  their  turn,  may  become  the  source  of  new  lesions. 

The  effect  of  embolism  may  be  immediate  or  remote.  Immediate 
symptoms  are  observed  in  cases  of  large  emboli  arrested  in  the  heart 
or  an  important  veasel.  They  act  mechanically,  give  rise  to  numerous 
and  at  times  very  grave  and  speedily  fatal  disturbances,  due  either 
to  vascular  modifications  or,  more  frequently,  to  influences  of  a 
reflex  order. 

The  violent  dyspnea  and  sudden  death  in  cases  of  voluminous 
pulmonary  emboli  are  due,  I  believe,  to  a  true  inhibitory  action 
aroused  by  the  excitation  of  the  intrapulmonary  terminations  of  the 
pneumogastric  nerve. 

There  are  also  small,  specific  emboli.  Toussaint  attributed  to  them 
an  important  role;  he  argued  that  most  of  the  symptoms  caused  by 
the  anthrax  bacillus  are  due  to  embohc  obstruction  of  the  capillaries. 
This  view  is  not  acceptable.  The  study  of  infections,  however,  pro^'es 
that  microbes  may  emigrate  through  the  vessels  and  become  fixed 
at  a  certain  j^oint.  AMien  arrested  the  pathogenic  agent  gives  rise 
to  no  immediate  manifestation;  secondary  lesions,  however,  which 
result  in  the  formation  of  a  new  focus  are  produced  around  it. 

• 

Although  the  process  is  designated  as  microbic  embolism,  there  is 
no  true  embolus:  the  microbes  are  arrested  in  a  vessel  because  its 
walls  are  altered,  and  the  circulation  is  consequently  slow.  Thus,* 
seloctivo  colonization  takes  place  ^\dthout  the  sudden  and  abrupt 
arrest  which  characterizes  true  embolism.  Logically,  the  term  in- 
fectious embolus  should  be  employed  when  a  vessel  is  suddenly 
obstructed  by  a  solid  particle  and  notably  by  a  fragment  of  a  clot 
or  valve  impregnated  with  microbes. 
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BOI0  of  ModificationB  in  the  Organic  Fluids.  The  vascular  system 
may  further  serve  in  the  development  of  secondary  pathological  pro- 
cesses by  distributing  throughout  the  organism  soluble  products  or 
microbic  toxins  engendered  at  a  certain  point.  It  is,  however,  like- 
wfee  owing  to  these  vascular  connections  that  the  toxins  are  brought 
to  the  organs  capable  of  transforming  or  eliminating  them.  It  is 
important  to  note  that  the  increased  work  thus  imposed  upon  the 
glandular  cells  may  give  rise  to  new  lesions  which,  in  their  turn, 
become  the  source  of  other  morbid  processes. 

Hervons  Connections.  In  the  presence  of  the  facts  thus  far  con- 
sidered there  can  be  no  escape  from  the  conviction  that  no  lesion 
can  remain  local.  We  have  not,  however,  yet  taken  into  account 
the  highly  important  r61e  of  the  nervous  system,  which  constantly 
intenenes  to  establish  solidarity  among  the  various  parts  of  the 
organism.  In  the  course  of  a  disease  the  nervous  system  regulates 
the  formation  of  inflammatory  foci,  produces  vascular  dilatation  or 
constriction,  and  stimulates  or  arrests  liquid  exudations  and  migra- 
tion. It  also  plays  an  important  part  in  the  development  of  certain 
symptoms.  Let  us  take  cough,  for  example.  In  some  respects  this 
is  a  rather  favorable  disturbance,  since  its  effect  is  to  rid  the  respira- 
tory apparatus  of  secretions  obstructing  the  passages.  These  secre- 
tions oppose  the  penetration  of  microbes,  but  their  elimination  by 
Joughing  has  the  advantage  of  expelling  the  pathogenic  agents.  In 
tt'der  that  expectoration  may  be  effected  the  synergic  action  of  a 
?eat  number  of  muscles  is  required.  They  are  excited  to  action 
brough  reflex  influences.  The  result  is  the  same,  however,  if  the 
Xcitant  is  a  poison  or  some  foreign  body.  The  effects  resulting  from 
nervous  connections  possess  nothing  peculiar  in  the  case  of  infection, 
'ueh  is  also  the  case  when  the  microbe  or  its  toxin  invades  the  organ- 
^m  and  becomes  localized  in  the  nervous  system.  The  functional 
^Modifications  thus  produced  acquire  no  peculiar  character  from  their 
origin.  It  is  necessary  to  remark,  however,  that  intoxication  of  the 
'^'ous  system  may  give  rise  to  a  great  number  of  functional  dis- 
turbances. In  another  chapter  we  shall  see  that  dyspnea,  cardiac 
Orders,  vomiting,  and  even  anuria  in  many  cases  depend  upon 
^ter\'ention  of  the  nervous  system  and  not  ui)on  a  lesion  of  the 
organs  affected.  In  scarlet  fever,  for  example,  early  anuria  is  seldom 
ttie clinical  expression  of  a  renal  lesion;  it  is  due  rather  to  a  nervous 
&order,  and,  when  the  latter  ceases,  we  are  surprised  to  find  neither 

Jbumin  nor  casts  in  the  urine. 

22 
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Fever. 

Fever  is  a  morbid  state  resulting  from  the  exaggeration  of  Ik 
chemical  processes  concerned  in  the  production  of  animal  heat.  That 
chemical  processes  may  be  more  active  and  still  retain  their  nonnal 
character,  or  they  may  dififer  from  those  produced  under  nonnil 
conditions.  This  distinction  is  of  considerable  importance  from  i 
therapeutic  standpoint,  but  it  does  not  invalidate  the  definition  above 
given.  Whether  deviated  from  their  habitual  type  or  not  the  cheflh 
ical  acts  are  more  intense;  this  is  the  characteristic  of  fever. 

The  definition  which  we  propose  explains  the  difference  between 
the  terms  hyperthermia  and  fever.  Hyperthermia  (hyperpyrexia)  is 
rise  of  temperature,  whatever  the  cause.  An  animal  is  placed  in  an 
oven;  its  temperature  rises  1®  or  2®:  we  then  say  that  this  animal 
presents  hyperthermia,  but  there  is  no  question  of  fever.  Hype^ 
thermia  none  the  less  constitutes  the  principal  symptom  of  fever. 
Animal  heat  indicates  the  measure  of  the  intensity  of  organic  com- 
bustion under  normal  conditions.  It,  therefore,  also  indicates  the 
changes  which  combustion  undergoes  in  pathological  conditions.  It 
is  intelligible,  however,  that  the  results  may  be  modified  by  increiwed 
radiation  of  heat.  For  the  sake  of  argument  it  may  be  assumed 
that  increase  in  the  production  of  heat  is  exactly  counterbalanced 
by  increased  radiation.  The  temperature  then  undergoes  no  modi- 
fication. Moreover,  if  radiation  becomes  more  active  it  may  over- 
balance the  production  and,  notwithstanding  the  exaggeration  of  the 
chemical  processes,  the  temperature  falls.  It  is  thus  conceivable  that 
fever  may  be  attended  by  hypothermia. 

These  are  only  theoretical  considerations.  In  order  to  appreciate 
their  value  it  is  necessary  to  complete  the  indications  furnished  by 
the  thermometer  bv  means  of  the  calorimeter.  The  amount  of  heat 
lost  is  thus  determined.  Knowdng,  on  the  other  hand,  the  modifica- 
tions of  the  temperature,  one  may  easily  calculate  the  quantity  of 
heat  produced.  It  is  ])recisely  this  quantity  that  measures  the  inten- 
sity of  the  chemical  phenomena.  Fever  may  therefore  be  defined  as 
follows,  which  repeats  in  another  form  the  definition  the  author  has 
given  above :  Fever  is  a  morbid  process  characterized  by  increa^ 
production  of  aniynal  heat. 

Unfortunately,  while  thermometry  is  easy  of  application  in  clinical 
medicine,  calorimetry  can  hardly  be  employed  in  current  practice, 
for  it  necessitates  the  use  of  delicate  apparatus  and  disturbs  the 
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fttient.  According  to  the  results  of  scientific  researches  pursued  on 
bis  matter,  however,  discord  between  calorimetry  and  thermometry 
I  quite  rare  and,  at  all  events,  of  short  duration.  Therefore,  exam- 
urtion  of  the  temperature  is  generally  sufficient.  Practically,  it  is 
wre  important  to  know  the  heat  of  the  body  than  the  radiation  of 
le  calorics,  for  it  is  against  the  modifications  in  plus  or  in  minus  of 
oimal  heat  that  the  physician  has  to  fight.  The  thermometer  aJone 
imishes  him  with  the  necessary  indications. 

Qaiaflcation  of  Fevers.  All  infections  are  not  febrile,  nor  are  all 
jvers  infectious. 

From  the  standpoint  of  pathological  physiology,  all  fevers  may 
e  di\ided  into  two  groups :  fevers  of  nervous  origin  and  fevers  due 

0  intojfication. 

Fevers  of  nervous  origin  may  be  subdivided  into  three  categories : 
Rret,  algic  fevers  resulting  from  painful  excitation.    This  is  best 

lustrated  by  the  so-called  hepatalgic  fever  observed  in  hepatic  colics, 

ven  when  no  symptom  suggests  infection  of  the  biliary  passages. 

Wb  fever  has  been  experimentally  produced  in  the  dog  by  means 

f  excitation  of  the  biliary  passages. 

The  fevers  constituting  our  second  group  represent  a  reaction  of 

K  oi^ganism  aroused  by  hypothermic  action.   If  an  animal  be  placed 

1  a  refrigerator,  especially  if  care  be  taken  to  immobilize  it,  its  tem- 
erature  falls.  If  the  animal  then  be  released  and  placed  in  a  warm 
<ality,  the  temperature  rises  and  exceeds  the  normal.    The  process 

surely  one  of  febrile  character,  for  the  hyperthermia  expresses 
•creased  combustion  on  the  part  of  the  animal  in  order  to  struggle 
5ainst  the  excessive  dissipation  of  heat. 

h  the  same  group  may  be  classed  reactionary  fevers  consecutive 
atoxic  hypothermia.  For  example,  an  individual  has  ingested  car- 
*cacid;  his  temperature  falls  to  95°  F.  (35°  C.) ;  a  few  hours  later, 
)wever,  it  rises  and  reaches  102.2°  or  104°  F.  (39°  or  40°  C). 
Tlie  third  variety  comprises  the  febrile  movements  occasioned  by 
^umatism  aiTecting  certain  parts  of  the  nervous  centres.  Their 
^ty  has  been  demonstrated  by  some  observations,  notably  by  a 
8e  of  meningeal  hemorrhage  observed  in  our  wards  and  recorded 
Dr.  Josue;  also  by  experimental  researches,  those  of  J.  F.  Guyon 
tong  others.  Hysterical  fever  may  also  be  classed  here. 
Pevers  of  toxic  origin  are  by  far  the  most  important.  They  also 
lude  three  varieties.  At  times  febrile  movement  is  consecutive 
the  introduction  into  the  organism  of  completely  formed  toxic 
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substances  proceeding  from  without.  The  number  of  hyperthena 
ing  substances  is  quite  restricted.  We  may  cite  strychnine  a. 
cocaine.  At  other  times  fever  is  due  to  autointoxication,  and,  finali 
to  microbic  intoxication. 

The  reaUty  of  fevers  due  to  autointoxication  has  been  demoi 
strated  by  numerous  experiments  and  rigorous  clinical  observatiom 
With  this  group  should  be  classed  the  fever  of  gouty  and  chloroti 
l^atients,  the  fever  consecutive  to  the  absorption  of  traumatic  sail 
guineous  exudates  and  to  attrition  of  tissues,  certain  forms  of  feve 
due  to  overexertion,  and  the  fever  of  asphyxia. 

The  fevers  of  microbic  origin  evidently  constitute  the  most  impor 
tant  group.    As  has  already  been  stated,  however,  infections  are  no 
always  pyrogenic.     Chronic  diseases,  such  as  syphilis,  may  evolv 
without  being  attended  by  any  elevation  of  temperature.   The  beha 
vior  of  a  given  infection  may  altogether  differ  from  one  individui 
to  another.    Unquestionable  observations  of  apyretic  tjT)hoid  an 
scarlet  fevers  have  been  published.    Apyretic  erysipelas  is  not 
uncommon  occurrence.     Habitually  pyrogenic  infections,  such 
pneumonia,  are  in  certain  cases  attended  by  subnormal  temperatu: 
These  well-known  facts  lead  us  to  the  admission  that  the  r6!e  of  1 
organism  is  vastly  more  important  than  that  of  the  microbe  in  1 
production  of  fever.    We  shall  see  that  this  idea  is  confirmed 
numerous  experiments. 

It  must  be  recognized,  however,  that  the  great  majority  of  aci 
and  even  some  chronic  infections  are  accompanied  by  fever  a 
hyperthermia.  Are  the  fever  and  hyperthermia  due  to  micro 
toxins?  Experimentation  seems  to  answer  affirmatively.  The  inj 
tion  of  sterilized  cultures  into  animals  produces  not  only  hyp 
thermia,  but  true  fever,  with  all  its  modifications  in  chemical  p 
cesses.  The  problem  is,  however,  more  complex  than  appears  at  fi 
sight.  All  substances  capable  of  affecting  the  temperature  produc 
primary  action  followed  by  a  secondary  reaction  of  a  reverse  char 
ter.  In  most  cases  the  latter  is  not  intense ;  it  may,  however,  especi^ 
in  infections,  bo  more  pronounced  than  the  primary  phenomej: 
and  a])pear  so  rapidly  as  to  completely  mask  the  primary  action- 

The  questions  confronting  us,  therefore,  are:  Does  fever  res 
from  a  microbic  action?  Does  it,  on  the  contrary,  represent  a  rr 
tion  of  the  organism  against  the  action  of  the  microbe  which  tel 
to  produce  hypothermia?  The  latter  conception  seems  to  us  m( 
in  harmony  ^^^th  experimental  facts. 
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Ijd  us  first  consider  the  primary  element  of  a  great  number  of 

febrile  processes — t.  e.,  chills.    At  present  we  know  that  chills  repre- 

I'     sent  a  means  of  getting  warm  when  the  body  is  cold.    According  to 

[     the  h}T)othesis  that  toxins  directly  produce  fever,  it  would  be  neces- 

^'    my  to  admit  that  they  are  capable  of  directly  stimulating  the  nerve 

centres  concerned  in  the  production  of  chills.    This  might  be  possible, 

but  nothing  proves  it,  and  the  easier  study  of  ordinary  chills  reveals 

no  similar  fact.    It  may  be  objected  that  cliills  generally  appear 

when  the  central  temperature  has  already  begun  to  rise.    This  result 

simply  pro\'es  that  the  organism  began  to  react  against  the  hypother- 

mizing  action  of  toxins,  but  that  its  reaction  was  insufficient,  and  for 

that  reason  it  had  recourse  to  chills,  which  represent  a  rapid  process 

of  producing  heat. 

A  febrile  paroxysm  ends  by  profuse  sweating.  From  the  stand- 
point of  thermal  regulation,  perspiration  represents  the  reverse  of 
chills.  It  is  a  means  employed  by  the  organism  for  lowering  its 
temperature.  Now,  if  fever  is  directly  produced  by  microbic  toxins, 
%does  not  perspiration  appear  sooner?  This  would  materially  aid 
the  organism  to  combat  the  hyperthermizing  action  of  toxins.  If, 
on  the  contrary,  we  admit  that  fever  is  an  expression  of  a  reaction 
on  the  part  of  the  organism,  it  is  readily  conceivable  that  it  is  no 
longer  of  any  use  when  the  action  of  toxins  ceases.  The  sweats  do 
Qot  appear  from  the  first,  because  the  organism  is  struggling  against 
* hypothermizing  substance;  as  soon,  however,  as  the  action  of  the 
letter  ceases,  reaction  is  useless  and  perspiration  begins. 

If  microbic  toxins  are  hypothermizing,  why  does  the  temperature 
rise  above  the  normal?  It  would  seem  that  the  organism  should  react 
only  with  energy  sufficient  to  keep  the  bodily  heat  at  its  habitual 
W.  In  reality,  the  reactions  of  the  organism  are  not  always  meas- 
^  to  the  salutary  effect.  They  often  exceed  the  end,  and,  from 
pomt  of  view,  reaction  is,  in  the  present  case,  too  intense.  It 
not  been  demonstrated,  however,  that  this  exaggeration  of  the 
process  is  useless. 

Reasoning  thus  leads  us  to  the  assumption  that  fever  is  a  reaction 
of  the  organism.  It  will  now  be  seen  that  experimentation  gives 
considerable  support  to  this  theory. 

^on  of  Microbic  Toxins  upon  Temperature.  Microbic  toxins 
P^*8es8  the  property  of  exciting  fever  when  injected  in  small  amounts ; 
^^n  introduced  in  large  doses  they  lower  the  temperature.  The 
experiments  of  Sanarelli  with  the  typhoid  toxin,  those  of  Metchnikoff 
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with  the  toxin  of  hog-cholera  are,  from  liiis  point  of  v 
strative.  The  author  obtained  a  similar  result  with  the 
colon  bacillus.  This  toxin  is  said  to  be  hypotherminng; 
ia  what  occurs  when  large  doses  are  injected.  When,  ho 
amounts  are  introduced,  organic  reaction  takes  place  s 
perature  rises.  A  glance  at  Fig.  15  will  show  that  a  doee 
produces  a  thermal  rise  of  1°  or  1.5°  C,  which  [lersists  f< 
hours. 

A  very  small  dose,  not  exceediog  half  a  drop,  ^ves  ri 
intense,  at  least  more  rapid,  febrile  movement.    On  the 
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Action  of  tlw  colon  liacillu.s  toxin  upon  tbc  tempciatur?.      I.  InjcctioD 
toxin  into  a  vfin.    II.  Injection  of  0.5  c.cm.     III.  Injection  of 

large  doses  tt^nd  to  lower  tlie  temperature — their  first 
liypothermizp ;  the  organism  then  reacts,  and  the  teniix 
It  remahis  elose  to  the  normal  and  then  rapidly  falls  at 
of  death. 

The  theory  whicli  I  advocate  Hkewise  explains  th» 
obser\'e(l  in  tlie  variation.''  of  temperature  according  1 
of  introduction  of  tlie  toxin.  If  a  large  dose  is  injec 
veins  or  the  jwritoneuni,  absorption  is  rapidly  effecl 
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temperature  falls  until  the  moment  of  death.  If  the  same  amount 
is  deposited  in  the  subcutaneous  cellular  tissues,  absorption  being 
slower,  the  oi^aniam  has  time  to  react;  the  temperature  at  first 
riaeB,  to  undergo  a  subsequent  fall. 

I  have  found  the  same  differences  by  introducing  the  toxin  of  the 
coIoD  bacillus  by  a  peripheral  vein  and  by  a  branch  of  the  portal 
TCin.  In  the  latter  instance  the  poison  passes  through  the  hver, 
viaca  possesses  the  power  of  arresting  and  neutralizing  a  part 
of  It.   Two  rabbits  of  nearly  equal  we^t  received  each  20  c.cm. 
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1°^"""*  °L*  •»  Uw  upon  febrile  reaction.    A.  Injection  of  20  c.cm.  of  toxin  by  (be 
""^W  rein.    B.  Injection  ot  20  c.cm.  of  toxin  by  a  periplieral  vein. 

of  slipi  Vy  attenuated  colon  bacillus  toxin.  In  order  to  render 
tbe  multg  comparable,  both  rabbits  were  bound  for  about  half 
an  hour  1^  jjjg  experiment  plank,  and  the  one  which  received 
the  poBon  by  an  auricular  vein  was  subjected  to  a  laparotomy. 
The  two  animals  were  thus  placed,  irith  a  view  to  the  tliernial 
I      reactions,  under  absolutely  identical  conditions.    As  soon  as  the 

Isniinal*  were  released  the  temperature  in  both  wa.s  found  lowered 
by  1.5*  C.  From  that  moment  on,  however,  the  temperature  rapidly 
rose  in  the  animal  injected  by  the  portal  vein  (A,  Fig.  16),  and 
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exceeded  the  normal  by  2°  C.  In  the  other  (B,  Fig.  16)  it  fin 
continued  to  fall,  then  rose  to  its  initial  figure,  to  again  fall  rapidl 
at  the  moment  of  death.  This  animal  succumbed  at  the  end  < 
seven  hours  and  a  half;  the  other — the  one  which  received  the  tox 
by  a  branch  of  the  portal  vein — died  only  at  the  end  of  four  days. 

Similar  differences  are  observed  according  as  the  experiment 
made   upon   susceptible   or   refractory   animals.     By   inoculati 
anthrax  into  vaccinated  chickens,  dogs,  or  rabbits,  fever  may 
produced;  while  in  animals  which  succumb  to  the  infection,  hyp 
thermia  soon  gives  way  to  hypothermia. 

In  the  same  order  of  ideas  may  be  cited  the  experiments  of  Ga 
aleia,  which  prove  the  thermogenic  action  of  cultures  to  be  in  invei 
ratio  to  their  virulence.  Thus,  for  example,  the  second  vaccine 
anthrax  bacillus,  which  kills  the  rabbit  in  three  days,  first  produ< 
arise  in  temperature, reaching  105;8°  F.  (41°  C);  wliile  an  exalt 
culture  which  kills  the  animal  in  six  or  eight  hours  causes  no  hyp 
thermia.  I  have  reached  a  similar  conclusion  by  employing,  i 
living  cultures,  but  toxins.  Two  cultures  of  the  staphylococi 
aureus  were  prepared,  one  with  a  specimen  of  moderate  \drulen 
the  other  with  the  same  specimen  considerably  exalted  by  met 
of  successive  passages.  The  cultures  sterilized  by  means  of  chlo 
form  were  then  injected  into  two  rabbits.  One  of  them  (B,  Fig. 
received  5  com.  of  the  toxin  obtained  from  the  exalted  micro 
It  succumbed  at  the  end  of  four  hours  and  a  half  in  hypotherni 
The  other  (Fig.  17)  received  20  c.cm.  of  the  culture  made  ^^'ith  1 
attenuated  microbes.  The  temperature  rose  from  103.2°  F. 
105.8°  F.  (39.5°  to  41°  C),  and  forty-eight  hours  later  the  anic 
was  still  living.  Its  temperature  then  had  fallen  to  101.1° 
(38.4°  C).  Another  injection  of  20  c.cm.  of  the  same  toxin  v 
given.  This  time  the  temperature  showed  no  modification, 
this  organism  already  exhausted  by  a  first  intoxication  reaction  ^ 
no  longer  possible,  and,  in  fact,  the  animal  was  found  dead  i 
following  morning. 

This  experiment  shows  that  an  animal  weakened  by  a  pre^^c 
injection  is  no  longer  capable  of  developing  fever.  The  result  woi 
be  absolutely  incomprehensible  if  fever  was  held  to  be  the  result 
the  action  of  the  toxin;  it  becomes  very  clear,  however,  when 
is  considered  as  a  reaction  of  the  organism.  This  experimental  U 
elucidates  certain  clinical  observations.  It  explains  why  cached 
exhausted  individuals  develop  no  fever,  on  the  occasion  of  an  inf< 
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tion.  It  likewise  accounts  for  the  fact  that  an  intercurrent  infection 
sipervemng  in  an  individual  already  sick  may  lower  the  temperature 
instead  of  raising  it.  This  is  what  occurs,  for  example,  in  certain 
casts  ol  pneumonia  developii^  in  the  course  of  a  typhoid  fever. 
TW  oi^anism,  already  saturated  with  the  typlioid  toxin,  is  unable 
to  atniggle  against  the  effects  of  a  new  toxin;  therefore,  instead  of 
nsing,  SB  in  a  healthy  individual,  the  temperature  falls. 

By  another  series  of  experimental  infections  we  observed  that 
the  general  state  of  the  animals  remains  quite  satisfactory  as  long 
as  fever  lasts,  and  that  aggravation  of  the  symptoms  coincides  with 
the  fall  of  temperature. 
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1  upon   temperature.    A.   Intravenous  iniection  of 
xin;  a  eimilar  injeetion  on  tlie  third  day.     B.  InUu- 


"  man  the  course  of  temperature  is  in  general  different:  in  the 
^'  majority  of  acute  infections  death  supervenes  in  the  midst 
"  ''J'perthermal  phenomena.  Algid  collapse  is  seldom  observed  at 
^^  fnd  of  diseases.  The  reason  resides  in  the  fact  that  man  suc- 
^bs  before  having  exhausted  all  his  resources;  the  animal  dies 
•oen  it  is  absolutely  incapable  of  struggling  against  infection,  when 
"* '''actionary  power  is  completeiy  extinct.  Such  is  not  the  case 
"■tti  man,  because  his  more  sensitive  nervous  system  is  sooner 
poisoned.  In  the  animal  the  subordinate  tissues,  the  organs  of 
Wcondary  importance,  succumb  almost  simultaneously  with  the 
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nervous  83rstem;  at  the  approach  of  death  general  nutrition  is 
hindered,  chemical  actions  are  on  the  decline,  and  the  temperature 
is  falling;  the  mammalian  is  thus  practically  transformed  into  « 
cold-blooded  animal.    When  a  moribund  animal  is  killed,  red  blood 
is  found  in  its  veins  and  right  heart.    Even  the  tissues  are  found 
modified  in  the  very  same  manner  as  in  animals  artificially  subjected 
to  cold.    The  nervous  system  of  man  cannot  accommodate  itself 
to  the  same  unfavorable  conditions  as  that  of  the  animal.    It  dies 
while  the  other  tissues  are  still  in  full  activity,  and  the  chemical 
actions  still  keep  its  temperature  above  the  normal  level. 

In  certain  instances,  however,  human  infections  lower  the  temper- 
ature. Such  is  the  case  in  cholera  and  choleriform  enteritis.  Such 
is  likewise  the  case  in  very  acute  infections,  in  certain  septicemias 
consecutive  to  major  surgical  operations,  and  the  evolution  of  which 
resembles  that  of  traumatic  shock.  Under  these  conditions  the 
organism  is  rapidly  overwhelmed  and  incapable  of  reacting;  accord- 
ing to  an  expression  of  Weber,  the  patient  dies  in  chills  and  fever. 

This  result  is  in  perfect  harmony  with  the  experimental  fact* 
above  related.  It  demonstrates  that  fever  is  not  produced  except 
when  the  organism  is  still  able  to  react. 

Mechanism  of  Fever.  Let  us  now  inquire  as  to  w^hat  this  reactic^^ 
consists  in:  does  it  reside  in  increased  production  of  heat  or  in  tX^^ 
retention  thereof?  Both  h>T)otheses  have  their  advocates.  Certa— ^ 
experiments,  notably  those  of  Rosenthal  and  Maragliano,  demo  ^ 
strate  that  during  the  stage  of  initial  rise  the  radiation  of  h^  ^ 
diminishes — a  fact  which  is  strictly  in  accord  with  those  above 
ported.  At  the  beginning  of  the  febrile  movement,  when  the  centi 
temperature  is  already  rising,  the  peripheral  is  below  the  norm: 
it  is  at  that  moment  that  chills  are  called  into  play.  Then 
temperatures  rise,  but  not  with  the  same  rapidity,  so  that  the  diflfe 
once  between  the  central  and  the  peripheral  temperature  may 
times  amount  to  18°  F.  (10°  C).  The  dissipation  of  heat  duri 
the  stationary  period  is  equal  to  or  greater  than  the  normal. 
cases  of  transitory  febrile  paroxysms  the  dilatation  of  the  cutam 
vessels,  whicli  augments  the  radiation  of  heat,  is  produced  befc:::^^^ 
defervescence.  In  cases  of  prolonged  fever  there  is  increased  rad^^' 
tion  throughout  the  stationary  period. 

It  results  from  these  facts  that,  even  if  there  is  a  retention  ^^ 
caloric  at  the  beginning  of  a  febrile  movement,  it  is  exaggerat^^" 
production  that  characterizes  the  stationary  period.      The   loss^^* 
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bring  greater,  the  higher  temperature  must  be  due  to  exaggerated 
production.    It  is  to  be  noted,  however,  that  the  increase  in  radia- 
tion of  heat  is  not  proportional  to  the  increase  in  its  production ; 
bence  there  is  partial  retention  of  the  heat  produced. 

It  may  now  be  asked  whether  there  is  a  simple  increase  of  the 

normal  chemical  processes  or  a  deviation  from  the  physiological  type. 

In  order  to  solve  this  problem,  the  excrementitious  products 

eliminated  by  the  respiratory  or  urinary  apparatus  should  be 

analyzed. 

Some  authors,  studjdng  the  gases  of  respiration,  noted  an  increase 
in  the  exchanges.  Wertheim,  on  the  other  hand,  is  of  a  different 
opinion.  Less  oxygen  is  absorbed,  and  on  this  point  he  is  sup- 
ported by  Henrijean's  investigations.  The  amount  of  carbonic  acid 
likewise  undergoes  a  diminution.  The  contrary  result  is  due,  accord- 
ing to  Senator,  to  the  fact  that  the  eUmination  of  this  gas  is  more 
complete  as  a  result  of  the  acceleration  of  the  respiratory  move- 
Dients  and  diminution  of  the  alkalinity  of  the  blood. 

Dr.  Robin  has  reached  conclusions  which  seem  to  harmonize  the 

dissimilar  results  above  reported.    He  carefully  distinguishes  plain 

^ammatory  infectious  states  from  grave  typhoid  conditions.     In 

Reformer  instance  oxidations  are  at  times  normal,  oftener  more 

*^ive;  they  are  cUminished  in  the  latter.    This  distinction  elucidates 

'^t  only  the  modifications  in  the  gaseous  exchanges,  but  also  the 

Variations  observed  in  the  composition  of  the  urine.    The  urea  is 

^creased,  often  from  50  to  100  per  cent.  (Unruh,  Senator),  in  acute 

^^^^ses:  while  in  grave  typhoidal  states  and  in  fevers  of  long  duration 

^*^e  amount  decreases;  the  extractive  matters  are  then  found  to  be 

^^^gmented.     Probably   the    alterations    developing   in    the    cells, 

Notably  in  those  of  the  Uver,  prevent  the  normal  elaboration  of 

*ie  pro<lucts  of  dissimilation.    These  are  produced  in  excess,  a  fact 

^ch  accounts  for  the  thermal  elevation,  but  are  rejected  before 

^ving  imdergone  their  complete  evolution.     Finally,  the  disturb- 

^ces  of  the  respiratory  function  seem  to  be  the  main  cause  of  the 

•Xeess  of  uric  acid  so  often  observed  in  the  urine  of  those  suffering 

^m  fever  (Ranke). 

Thus  fever  is  due  to  increased  chemical  activity,  whether  or  not 
*nere  be  concomitant  departure  from  the  normal  evolution  of  matter. 
*^ipation  of  heat  in  fever  is  more  marked  than  under  normal  con- 
ations, but  excess  in  production  of  heat  is  still  more  marked,  hence 
«ie  relative  retention  of  caloric  and  rise  in  temperature. 
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Bole  of  the  Blood  in  Thermal  Begulation.  The  first  questi* 
whether  the  blood  is  pyrogenic  in  animals  suffering  from  fever 
this  investigation  the  action  of  normal  blood  upon  the  tenipen 
must  previously  be  determined.  The  writer  has  pursued  a  s 
of  very  delicate  experiments  which  are  yet  in  part  unpublished 
which  have  led  him  to  some  definite  conclusions  concerning 
subject. 

Blood  taken  from  the  carotid  artery  of  a  rabbit  was  injected 
the  auricular  vein  of  another  animal  of  the  same  species,  care  1 
taken  to  operate  with  extreme  rapidity,  in  order  to  prevent,  a 
as  possible,  the  modifications  which  are  easily  produced  in  \ 
outside  the  vessels.  The  blood  of  a  dog,  taken  under  the  i 
conditions,  was  injected  in  the  same  manner.  The  experiment 
also  made  with  defibrinated  blood. 

Two  opposite  results  were  obtained.  There  occurred  a  s 
diminution  of  temperature  when  total  blood  was  introduced 
a  vein,  varying  from  one-tenth  to  four-tenths  of  a  degree  Centig 
There  was  a  marked  rise  of  temperature  when  the  same  blood 
injected  defibrinated,  the  hyperthermia  thus  produced  varying 
half  a  degree  to  one  degree  Centigrade.  Defibrinated  blood  ac 
the  extracts  of  tissues;  in  some  cases,  however,  the  hyperthe 
which  it  causes  is  preceded  by  a  slight  hypothermia.  The  I 
serum  acts  like  defibrinated  blood. 

Several  hypotheses  may  be  advanced  to  explain  these  str 
differences  which  are  observed  according  as  total  or  defibrin 
blood  is  injected. 

Defibrinated  blood  is  considered  by  many  authors  as  a  flui< 
capable  of  ser\dng  for  the  nutrition  of  the  organism.  To  inje 
into  the  veins  would  mean  to  introduce  a  toxic  substance,  ant 
febrile  movement  resulting  would  then  be  intelligible.  lU 
exi)eriments  of  Dastre  have  demonstrated,  however,  that  defi 
ated  blood  is  perfectly  adapted  for  suppljang  the  needs  of 
economy.  An  animal  may  be  bled,  and  its  defibrinated  blood 
again  be  introduced  into  its  circulation  without  any  serious 
turbance. 

The  marked  instability  of  organic  matter  may  suggest  the  sup 
tion  that  blood  becomes  thermogenic  simply  because  it  has  be< 
contact  with  air  or  because  it  has  been  kept  for  a  while  outsid 
vessels.  With  a  view  to  verify  this  hypothesis  we  received  a  ce 
amount  of  blood  in  a  vase  covered  with  vaseline.     As  Freunc 


GENERAL  REACTIONS- FEVER.  349 

shoT^Ti,  under  these  conditions  coagulation  is  notably  retarded.  At 
the  end  of  half  an  hour  the  blood,  which  was  perfectly  liquid,  was 
injected  into  the  veins;  it  produced  a  slight  hypothermia  like  the 
normal  blood. 

It  may  be  supposed  that  the  hypothermizing  power  of  total  blood 
18  due  to  the  presence  of  fibrinogenic  substance ;  the  latter,  becoming 
insoluble,  allows  an  antagonistic  substance  to  act.  This  hypothesis 
is  also  contradicted  by  facts.  For  the  production  of  thermal  eleva- 
tion it  suflSces  to  inject  a  liquid  containing  some  fibrinogenic  sub- 
stance, for  example,  the  fluid  of  pleurisy  or  of  hydrocele.  The 
serosity  of  pleurisy  acts,  then,  like  the  blood  serum.  It  first  induces 
a  slight  hypothermia,  and  subsequently  raises  the  temperature. 
Hayem^  likewise  obtained  hyperthermia  by  injecting  hydrocele  fluid 
into  the  veins  of  a  dog. 

\\Tiat  is  known  of  ferments  is  in  favor  of  the  assumption  that  the 
thermogenic  action  is  due  to  the  fibrin  ferment.  Several  observers, 
and  notably  Prof.  Hayem,  have  conclusively  shown  that  this  ferment 
raises  the  temperature.  Since  its  amount  notably  increases  in 
defibrinated  blood  and  in  serum,  it  was  natural  to  attribute  to  it 
the  thermogenic  property  of  these  fluids.  When,  however,  defibrin- 
ated blood  is  heated  to  140°  F.  (60°  C.)  sufficiently  long  to  destroy 
the  ferments,  the  thermogenic  power  of  this  fluid  is  by  no  means 
abolished.  On  the  other  hand,  the  results  obtained  by  study  of 
the  extracts  of  blood  prepared  by  means  of  alcohol  or  dialysis 
^arrant  complete  denial  of  the  influence  of  this  ferment. 

The  nature  of  the  substances  capable  of  modifying  animal  heat 
'^Daains  therefore  undetermined.  The  facts  simply  warrant  the 
^^iiclusion  that  total  blood  is  slightly  hypothermizing,  and  that 
^fibrinated  blood  and  serum  raise  the  temperature,  and  sometimes 
^  it  after  having  first  lowered  it. 

There  exist,  however,  certain  cases  in  which  arterial  total  blood 

^  t;hennogenic,  for  instance,  when  the  animal  which  furnishes  the 

"'^  is  sick  or  when  it  is  submitted  to  the  action  of  cold.     It  is 

^^t  even  necessary  that  the  central  temperature  be  lowered  in  order 

^  render  the  arterial  blood  thermogenic.    Several  times    animals 

^^t  had  stayed  outdoors  in  cold  winter  days  furnished  the  blood 

^hich  raised  the  temperature  of  the  transfused  animals.     It  suffices 

*^  keep  the  animal  in  a  well-heated  room  for  twenty-four  hours 

to  cause  the  new  property  to  disappear. 

*  Hayem.    Du  sang,  Paris,  1889,  p.  239. 
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Action  of  venous  blood  upon  the  temperature.    A  series  of 
periments  pursued  by  us  demonstrated  that  the  venous  blood,  m 
the  arterial,  generally  raises  the  temperature  of  the  animftla 
which  it  is  injected.    The  hyperthermia  is  variable,  since  at  ti 
it  does  not  amount  to  more  than  a  few  tenths  of  a  degree  C, 
at  other  times  it  may  attain  1°  C.  or  more. 

As  venous  blood  generally  possesses  a  thermogenic  power  wl 
is  absent  from  arterial,  the  question  rises  whether  this  power  depe 
upon  substances  that  are  found  in  the  extracts  of  tissues,  or  whet 
it  is  due  to  bodies  which  appear  in  defibrinated  blood,  serum, 
urine.  WTiat  modifications  does  the  blood  imdergo  by  paa 
through  the  lungs?  Is  it  a  transformation  or  an  exhalation 
volatile  thermogenic  substances  that  occurs?  Such  are  the  qi 
tions  to  be  asked  at  present,  the  solution  of  which  requires  until 
experimental  researches. 

Since  arterial  blood  differs  from  venous  by  the  absence  c 
thermogenic  substance,  it  is  rational  to  suppose  that  this  substJ 
is  eliminated  by  the  lungs.  This  is,  in  fact,  what  takes  place, 
water  obtained  by  the  condensation  of  the  expired  air  when  inje^ 
in  minute  doses  into  the  rabbit  causes  a  more  or  less  marked 
in  the  temperature. 

The  hyix)therniizing  power  of  arterial  blood  depends  upon  a  \ 
stance  antagonistic  to  that  eliminated  by  the  lungs;  this  substi 
likewise  exists  in  venous  blood,  but  it  is  often  masked  by  the  ther 
genie  substance. 

The  hypotherniizing  substance  proceeds  from  the  tissues  an 
eliminated  bv  the  kidneys.  It  is  found  in  the  urine,  associated ) 
a  new  thermogenic  substance.  In  fact,  intravenous  injection; 
the  urine  produce  an  initial  fall  in  the  temperature,  noted  by  I 
Bouchard,  and  give  rise  secondarily  to  a  thermal  elevation.  Su 
we  are  in  the  presence  of  two  antagonistic  substances,  for  I  h 
succeeded  in  separating  them.  When  the  urine  is  treated  n 
alcohol  the  insoluble  substances  precipitated  in  the  fluid  lower 
temperature,  while  the  soluble  ones  raise  it. 

It  is  readily  conceivable  that  these  substances,  concerning 
chemical  nature  of  which  we  have  no  data  and  which  we  know  c 
through  their  action  upc^i  the  organism,  may  normally  play  a 
in  the  regulation  of  the  temperature.     Cold,  by  stimulating 
renal  secretion,  j)romotes  the  elimination  of  the  hypothermii 
substance  and  hinders  the  exhalation  of  the  volatile  thermogi 
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efement.  The  effect  of  heat  is  evidently  the  reverse  of  this;  it 
stimulates  the  elimination  of  the  volatile  thermogenic  substance, 
(fiminishes  the  secretion  by  the  kidneys,  and  hinders  the  elimination 
of  the  hypothermizing  element. 

TTiese  data  may  explain  certain  pathological  facts  and  notably 
the  hyperthermia  produced  by  asphyxia  and  the  thermal  variations 
in  cases  of  uremia.  As  we  shall  see,  they  elucidate  a  certain  number 
of  features  in  the  study  of  infectious  fevers. 

Eole  (tf  the  laveTi  KidneySi  and  Lungs  in  Thermogenesis.  Feb- 
rile movement  may  be  profoundly  modified  by  lesions  or  disorders 
of  certain  organs.  As  yet  the  influence  of  the  liver,  kidneys,  and 
hmgs  only  is  known. 

My  attention  was  drawn  to  the  rdle  of  the  Uver  by  observation  of 
two  cases  of  typhoid  fever  at  the  end  of  1899.    The  strange  course  of 
the  temperature  could  be  accounted  for  only  by  the  far-reaching 
alterations  which  the  necropsy  revealed  in  the  liver.    The  distur- 
bances were  so  pronounced,  and  modified  the  clinical  course  of  events 
to  such  a  degree,  that  the  author  thought  a  hepatic  type  of  typhoid 
fever  should  be  admitted.    Setting  aside  the  concomitant  symptoms, 
fet  us  consider  only  the  course  of  the  temperature.    The  temperature, 
lowered  in  both  cases,  returned  to  the  normal,  and  fell  even  below 
^•6°  F.  (37°  C.) .   Coincidently  the  general  phenomena  became  aggra- 
vated, and  the  patient  succumbed  at  a  time  when,  if  the  febrile 
tracing  only  was  taken  into  consideration,  it  would  have  been  thought 
^hat  he  was  recovering.    The  autopsy  revealed  complete  degenera- 
tion of  the  liver,  with  a  bloodless,  yellow  parenchyma.    It  was  hyper- 
t^phied  and  weighed  1930  grams  in  one  case,  2630  in  the  other 
'formal  weight  being  1500  grams).     Histological  examination  and 
chemical  anal)rsis  showed  that  the  gland  had  undergone  acute  fatty 
*?^neration ;  the  amount  of  fat,  which  normally  is  about  2  per  cent., 
^^ceeded  9  per  cent. 

It  seemed  to  me  rational  to  connect  the  unusual  course  of  the  fever 
^th  the  hepatic  alteration.  In  order  to  verify  this  supposition  the 
*^thor  undertook  some  experimental  researches.  The  ideal  would 
^^dently  be  to  study  the  course  of  the  temperature  in  animals  whose 
^*^r  had  been  extirpated.  Such  mutilation,  however,  is  not  com- 
patible with  a  survival  sufficiently  long  to  yield  demonstrative 
^^ts.  Some  other  method  should  therefore  be  employed.  The 
Marches  of  Denys  and  Strubbe  and  those  pursued  by  the  author 
^th  Dr.  Gouget  demonstrate  that  it  is  possible  to  destroy  the  hepatic 
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cells  or,  at  least,  the  greater  part  of  them,  by  injecting  e 
solution  of  acetic  acid  into  the  biliary  passages. 

The  operation  ia  quite  simple.  A  fine  canula  is  inti 
through  the  duodenum  into  the  ductus  choledochus  in  such  a  i 
as  not  to  disturb  the  course  of  the  bile.  The  experiment  li 
about  half  an  hour,  and  the  immobilization  of  the  animal  t 
reflex  disturbances  resulting  from  section  of  the  abdomen  lo" 
temperature. 

It  was  therefore  necessary  to  previously  study  the  hypol 
induced  by  laparotomy.     We  learned  that  it  generally  os 
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about  2.7°  F.  (1.5°  C.)  and  lasts  for  a  short  time;  as  soon 
animal  is  released  the  temperature  again  rises.  If,  on  the  co 
the  hepiitic  ^&.m\  is  subjecte{l  to  injury,  the  temperature,  w 
times  first  rises,  soon  undergoes  a  new  fall  in  a  definite  niaiuie 
having  often  presented  slight  and  transitory  rises.  Thus,  in  a 
in  which  5  c.cin.  of  a  2  per  cent,  dilution  of  acetic  acid  ha 
injected  into  the  biliary  passages,  the  temjierature,  which  b 
marily  at  102.4°  F.  (39.1°  C),  fell  after  the  operation  to 
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/o-  40  C.) ;  i^^^^^  rose  and  two  hours  later  reached  101.1°  F.  (38.4°  C), 
K  t  from  ^^^^  moment  on  it  declined;  seven  hours  later  it  was  at 
go  p.  (36.6^  C),  and  at  the  end  of  fifteen  hours,  thirty  minutes 
vlfore  death,  it  had  fallen  to  87.8°  F.  (31°  C). 

In  aBoth^^  rabbit  submitted  to  the  same  experiment  the  tempera- 
ture follo^*^^  ^  similar  movement  (Exp.  I,  Fig.  18). 
When  t-b^  ^^nial  survives  longer  the  phenomena  are  more  inter- 
e&ttog.   Tbus,  in  one  rabbit  (Exp.  II.)  the  temperature  fell  gradually 
\o  &4.2°  ^-  ^^°  C.)  and,  a  few  minutes  before  death,  to  81.5°  F. 

(?I.5°  CV 
In  another  instance  (Exp.  III.)  the  animal  survived  seventy-two 

\io\irs,  and  the  final  temperature,  a  few  minutes  before  death,  was 
78.8°  F.  (26^^  C). 

These  absolutely  concordant  experiments  prove  that  the  destruc- 
tion of  the  liver  is  followed  by  a  progressive  and  very  marked 
lowering  of  the  temperature.    The  phenomenon  is  quite  difficult  of 
interpretation.    Can  the  Uver,  according  to  the  experiments  of  CI. 
Bernard,  d'Arsonval,  and  Charrin,  be  considered  as  the  main  source  of 
^'janic  heat?   Can  it  be  assumed  that  destruction  of  this  gland,  by 
f^Ppressing  a  focus  of  heat,  produces  hypothermia  in  normal  sub- 
^^k  and  in  infected  subjects  hinders  the  thermal  rise  which  charac- 
^^  fever?  This  conception  might  be  maintained.    It  seems,  how- 
^^,  more  rational  to  assume  that  the  action  of  the  Uver  is  an  indirect 
^*   Suppression  of  the  functions  of  this  organ  produces  a  modifi- 
^ion  in  general  metabolism  of  the  economy,  a  disturbance  of  the 
^^titive  exchanges  which,  under  normal  as  well  as  under  diseased 
Editions,  represent  the  true  source  of  animal  heat. 
Y^^'Vt  all  events,  the  explanation  is  of  less  importance  than  the  fact. 
tu  ^  author's  experiments,  by  demonstrating  the  existence  of  a  hypo- 
,  ^I'mia  of  hepatic  origin,  seem  to  elucidate  some  clinical  observa- 
^tis.    They  account  for  certain  disturbances  observed  in  the  course 
*     infections  affecting  especially  the  liver,  notably  icterus  gravis. 
"^Pyrexia  and  hypothermia  are  not  rare  in  certain  forms  of  this 
^T^ase.    Is  this  due,  as  Hanot  asserted,  to  the  nature  of  the  infec- 
^^o\i8  agent  concerned?    We  have  experimental  evidence  that  the 
^Vpothermizing  rdle  of  the  colon  bacillus  has  been  exaggerated.    Far 
^^om  lowering  the  temperature,  this  microbe  often  gives  rise  to  fever. 
Mie  hypothermia  of  icterus  gravis,  therefore,  seems  to  be  due  to 
"Cpatic  incompetency.    It  is  true  that,  in  certain  cases,  fever  occurs 
^  spite  of  the  hepatic  degeneration,  because  hepatic  insufficiency 
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does  not  suppress  the  production  of  heat  any  more  than  renal  msa 
ficiency  does ;  it  only  diminishes  it.  Moreover,  the  author  has  learaet 
by  a  series  of  experiments  that  the  injection  of  microbic  toxins  into 
animals  the  Uvers  of  which  had  pre\dously  been  destroyed  by  inject' 
ing  a  2  per  cent,  dilution  of  acetic  acid  was  followed  by  a  thermal 
elevation  which  caused  the  temperature  to  rise  for  a  moment  to  its 
initial  height. 

The  kidneys  very  likely  play  a  similar  part.  Incompetency  of 
these  organs  likewise  induces  hypothermia,  as  is  evidenced  by  the 
course  of  the  temperature  in  uremic  patients.  It  may,  therefore,  be 
supposed  that  in  a  certain  number  of  infections  fever  undergoes 
oscillations  referable  to  lesions  of  the  kidneys. 

On  the  other  hand,  pulmonary  alterations  represent  an  important 
cause  of  hypothermia.  Few  diseases  give  rise  to  such  high  tempera- 
tures as  pneumonia.  It  may  be  alleged  that  the  phenomenon  is  due 
to  the  action  of  the  pneumococcus;  it  is,  however,  the  samewiA 
bronchopneumonia,  regardless  of  the  pathogenic  agent,  provided,  of 
course,  that  the  sufferer  is  capable  of  reacting,  for  bronchopneumonia 
in  debilitated  persons  is  at  times  attended  by  a  low  temperature 
which  is  fairly  explained  by  the  general  state.  On  the  other  hand, 
that  particular  clinical  form  so  frequent  among  children,  and  which 
was  once  described  as  acute  pulmonary  congestion,  is  at  present 
looked  upon  as  an  abortive  pneumonia  and  is  often  aecompanied  by 
high  fever.  Experimentation,  by  demonstrating  that  the  lungs  elim- 
inate thermogenic  substances,  explains  perfectly  their  role  in  the 
development  of  febrile  movements. 

Except  the  nervous  system,  the  influence  of  other  parts  of  the 
organism  is  not  as  yet  knoAvn.  Since  the  nervous  system  plays  an 
important  part  in  thermal  regulation,  it  is  readily  conceivable  that 
according  as  the  nervous  centres  are  excited  or  paralyzed  they  may 
increase  or  diminish  the  thermal  degree.  The  intensity  of  fever  m 
children  and  its  absence  in  the  aged  proves  this  assertion. 

To  sum  up :  the  fever  of  infectious  diseases  is  a  reaction  of  the 
organism  agairLst  microbic  toxins.  With  the  same  quantity  of  the 
same  toxin  the  febrile  movement  varies,  on  the  one  hand,  according 
to  the  localization  of  the  process,  and,  on  the  other,  according  to ti^^ 
state  of  the  nervous  system,  and  of  the  blood,  and  of  certain  organs? 
such  as  the  liver,  kidneys,  lungs,  and,  probably,  the  muscular  sj'stem. 
since  we  know  that  the  principal  chemical  modifications  calculated 
to  maintain  the  animal  heat  occur  normally  in  the  muscles. 
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If  the  author's  conception  is  correct,  fever  must  be  considered  a 

struggle  against  infection.    The  author  speaks  of  fever,  not  h)T)er- 

thermia. 
To  return  to  his  definition  of  fever,  the  author  thinks  that  it  is 

essentially  characterized  by  an  exaggeration  of  the  chemical  pro- 
cesses occurring  in  the  organism.  Whether  there  be  deviation  from 
the  normal  type  or  not,  there  is  increase  in  the  phenomena  which 
explain  animal  heat.  In  other  words,  there  is  increased  activity  of 
nutrition.  The  organism,  in  order  to  combat  the  hypothermizing 
action  of  toxins,  stimulates  combustion,  and  as  soon  as  a  rise  in 
temperature  occurs  an  exaggerated  dissipation  of  heat  follows. 
Hiis  fact  is  interesting,  since  it  is  an  example — we  shall  see  many 
Dthers— of  a  modification  which  indicates  the  reappearance  of  a 
functional  state  characteristic  of  a  younger  age.  It  is  known 
that  nutrition  as  well  as  radiation  of  heat  diminishes  wath  the 
advance  of  age ;  fever,  then,  is  a  return  to  a  previous  state  of  the 
organism. 

\\Tiile  fever  is  aseful,  hyperthermia  may  prove  dangerous.  In 
combating  it,  preference  should  be  given  to  those  methods  which 
Favor  the  dissipation  of  heat,  while  those  that  hinder  nutritive  activ- 
ity  should  be  avoided.  Cold  baths  offer  the  best  method,  since 
lender  their  influence  heat  is  readily  dissipated  at  an  increased  rate, 
*nd  nutrition  is  at  the  same  time  stimulated.  This  method  may, 
therefore,  be  considered  as  a  natural  one;  it  is  suggested  by  the  pro- 
■^dure  utilized  by  the  organism  itself. 

It  is  not  the  elevation  of  temperature  that  is  to  be  combated,  but 
ui  exaggerated  elevation  of  it,  since  a  moderate  hyperthermia  seems 
to  be  favorable  to  the  struggle  against  the  microl)es ;  it  stimulates 
4e  acti\ity  of  the  leucocytes,  as  was  shown  by  Dr.  Maurel,  and  it 
increases  the  germicidal  pow^r  of  the  blood,  as  has  been  demon- 
^ted  by  Kast,  Henri  jean,  and  Rovighi. 

Thus,  in  spite  of  a  few  obscure  points,  we  may  at  the  present  day 
^'er  a  rational  conception  of  fever.  In  the  study  of  the  mechanism 
^^ding  over  its  development  we  find  valuable  indications  as  to  its 
'^nificance,  its  r61e  in  the  defense  of  the  organism,  its  usefulness  and 
'sogers,  and  as  to  the  means  which,  in  certain  cases,  may  be  em- 
'oyed  for  restraining  and  combating  it. 

Characters  of  Fever  in  Some  Infections.  The  application  of 
lennometry  to  clinical  practice  has  made  it  possible  to  learn  wdth 
?cfeion  the  characters  of  fever  in  various  infections.    Thus  febrile 
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processes  have  been  divided  into  four  classes,  accordii 
continuous,  remittent,  intermittent,  or  irregular. 

The  continuous  type  is  represented  by  cases  in  whict 
ture,  at  the  stationary  periods,  remains  at  a  determined 
classical  example  is  tj^phoid  fever.  It  is  necessary  to  i 
that  the  tem[>erature  undergoes  daily  oscillations  w) 
more  pronounced  than  under  normal  conditions.  It 
in  health  the  temperature  varies  at  different  hours  of 
awakening,  at  6  a.m.,  it  is,  on  an  average,  at  98.5° 
it  progressively  rises  for  sixteen  hours,  and  reaches  i 
which  varies  from  99.1"  F.  to  99.5°  F.  (37.3°  C.  to  37.. 
7  P.M. ;  it  then  declines  for  eight  hours,  until  3  or  4  . 
falls  to  98.2°  F.  (36.7°  C),  to  rise  again.    It  may,  therel 
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that,  on  an  average,  the  normal  variation  of  tempera 
to  1.4°  F.  (0.8°  C).  The  same  variations  are  encountei 
but  generally  they  are  more  marked.  In  tj-phoid  fevei 
temperature  generally  varies  from  103.1°  to  104°  F.  (39 
that  of  the  evening  from  104°  to  105.8°  F.  (40°  to  41' 
ferencp  i.s  0.9°  to  2.7''  F.  (0.5°  to  1.5°  C). 

The  same  w  true  of  pneumonia  and  typhus,  whicl 
characterized  at  their  stationary  period  by  a  so-calI( 
fever.  The  digressions  are,  however,  no  less  clear  thj 
fever.  It  may,  therefore,  be  stated  that  thermal 
diseases  are  generally  nothing  else  than  exaggeratit 
phenomena. 

When  thermal    remittences  are  considerable  the 
returns  at  certain  moments  to  the  normal.     The  feve 
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;n/erW*x*^»^T(_  Intermittent  fevers  are  often  divided  into  two 
J.  0iala^rx^i  intermittent  and  aymptomatic  intermittent  fevers. 
,jegoIa.i-i-t;y  of  malarial  intermittence  is  well  known.  The  symp- 
^  inteirrrxitfent  fevers  differ  from  the  malarial  in  that  they  are 
^gul^-  XJnlike  what  occurs  in  malaria,  fever  generally  appears 
le  eveo^^e  ,  sometimes  recurs  several  times  in  one  day,  and  reap- 
fl  at  tiffererit  hours  on  the  following  day.  The  paroxysms,  which 
u(^  cases  arc  related  to  suppurating  foci,  are  connected  with  the 
-jegsiv^'-y  increasing  lesions ;  they  are  intermittent,  while  the  evo- 
jon  ol  ^^^  lesions  in  continuous.  They  then  result  probably  from 
judden  reaction  against  a  cumulative  action.  Whatever  the  expla- 
jjion  i"*y  be,  febrile  intermittence  is  only  an  exaggeration  of 
jhyaolopcal  remittences. 


SdXBaiii:  Irering  of  temperature  of  a  typhoid  case,  according  to  Wunderlich. 

ui  certain  infections  the  course  of  the  temperature  is  so  regular 
^  its  study  aids  diagnosis.  Typhoid  fever  is  the  type  of  this  kind, 
'wte  the  works  of  Wunderhch,  the  cyclic  evolutioo  of  the  tempera- 
""*,  with  its  progressive  ascension,  double  summit,  and  descent  by 
vsis,  is  well  known.  {Fig.  20.)  To  this  is  contrasted  the  by  no  means 
*W  typical  evolution  of  pneumonic  fever,  with  its  abrupt  onset,  its 
I''*teau,and  its  defervescence  by  crisis.  The  value  of  these  characters 
■Wild  not,  however,  be  exaggerated.  Often,  especially  during  grave 
*[sdeniics,  the  course  of  fever  in  typhoid  Ls  absolutely  atypical.  In 
"der  to  be  convinced  of  this  it  will  suffice  to  bear  in  mind  the  course 
"f  the  temperature  in  the  hepatic  form  of  the  disease.  Even  in  cases 
*nh  a  typical  evolution,  however,  the  course  often  deviates  from  the 
thematic  type.  At  times  the  onset,  at  other  times  the  defervescence, 
I  abrupt;  in  other  cases  the  stationary  period  is  remarkable  for 
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its  oscillations,  its  sudden  falls  and  unforeseen  rises.    On  the 
hand,  pneumonia  may  be  attended  by  irregular  fever  and  slow  dj 
vescence. 

Semiological  Value  of  Thermal  Oourse.  As  a  result  of  the  adzEi/i 
able  contributions  of  Wimderlich  it  was  believed  that  the  det^r 
mination  of  the  thermal  traces  would  be  of  great  semiological  vsl^^^ 
and  furnish  important  elements  in  diagnosis.  As  we  have  already 
stated,  a  different  conclusion  is  at  present  reached.  Medical  the*^'* 
mometry  serves  for  differentiating  infections  only  in  exceptioi 
instances.  It  serves  rather  to  inform  the  physician  of  the  evolutii 
of  the  process,  the  development,  and  at  times  the  inmiinence 
complications,  at  the  same  time  furnishing  him  with  indications  m 
pensable  for  treatment.  The  unexpected  rises  or  falls  of  the 
perature  lead  him  immediately  to  look  for  the  causes  of  these  unusii^J 
modifications.  The  changes  of  temperature  may  thus  keep 
physician  awake  to  the  occurrence  of  various  incidents,  such  as 
intestinal  perforation,  a  hemorrhage,  or  even  a  secondary  infectio 
a  decrease  in  fever  has  on  several  occasions  been  observed  at  ^ 
moment  when  a  second  pyrogenic  infection  like  pneumonia  dev^^"* 
oped. 

Likewise,  after  an  apparent  recovery  from  symptoms,  the  ther-^'^^ 
mometer  may  inform  us  as  to  a  relapse  or  some  incident  of  convales- 
cence.  In  other  instances  it  indicates  that  the  food  given  is  too  rick 
or  too  abundant  or  that  the  slight  exertion  permitted  is  as  yet  too 
fatiguing.    Thus,  while  in  the  course  of  disease  the  thermometer  in 
a  large  measure  guides  the  treatment,  it  directs  hygienic  surveillance 
during  convalescence.    In  both  cases  it  furnishes  valuable  indications 
which  no  other  procedure  can. 
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INFLUENCE  OF  INFECTIONS  UPON  VARIOl'S  PARTS  OF 

THE  ORGANISM. 

UodificttioDs  of  the  Blood  in  the  Course  of  Principal  Infections.  Modifications  in  tlie 
Pbysicil  and  Chemical  Characters.  Microscopic  Study  of  the  Blood.  Variations 
of  the  Leucocytes  in  the  Principal  Infections.  Bacteriological  Examination.  Modi- 
ficitioofl  in  the  Hematopoietic  Organs.  The  Bone-marrow.  Preliminary-  Notions 
of  Normal  Anatomy  and  Physiology.  Influence  of  Experimental  Infections. 
Anatomical  and  Chemical  Modifications.  Reaction  of  the  Bone-marrow  in  Man. 
Snniology  of  the  Bone-marrow.  The  Spleen  in  Infections.  Modifications  in  the 
Lrmphatic  Glands.  Variolar,  Syphilitic,  and  Tubercular  Adenopatliie.s.  Humoral 
Modifieatiofifl  of  Lymphatic  Origin.  The  Thymus  in  Infections.  The  Thyroid 
Gbodin  Infections.    The  Suprarenal  Capsules  in  Infections. 

Modifieations  of  the  Blood  in  the  Oourse  of  Principal  Infections. 

The  diffusion  of  toxins  secreted  by  pathogenic  agents  and  the  inti- 
mate solidarity  uniting  the  different  parts  of  the  organism  sufficiently 
explain  the  occurrence  of  more  or  less  marked  mocUfications  in  the 
oigans,  tissues,  and  fluids  under  the  influence  of  infections.    These 
modifications  are  of  two  orders:  some  represent  true  lesions;  others, 
simple  functional  changes.    Of  the  latter,  some  express  an  increiise 
in  acti\ity:  at  times  a  return  to  a  previous  state — ?.  e.,  a  kind  of 
rejuvenation  of  the  organism.    From  this  standpoint  nothing  is  more 
instructive  than  the  study  of  the  blood  and  of  the  hematopoietic 
origans. 

Examination  of  the  blood  in  the  course  of  infectious  diseases 
enables  as  to  watch  certain  changes  occurring  in  the  acti\ity  of  the 
organs  or  in  the  nutritional  processes  of  the  economy,  and  thus  to 
n-itness  the  various  phases  of  the  struggle  engaged  between  the  in- 
vading organism  and  the  invaded.  Hematologj'  has  this  imj^ortant 
advantage  over  pathological  anatomy  that  it  is  practised  upon  the 
living.  Post-mortem  examination  of  the  \iscera  shows  the  results 
of  the  defeat,  but  it  does  not  explain  its  mechanism.  By  enabling 
us  to  determine  at  each  moment  the  conditions  of  the  ])athological 
combat,  the  study  of  the  blood  furnishes  us  with  diagnostic  and  prog- 
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nostic  data  of  importance,  and  may  even  suggest  valuable  tfci 
peutic  ideas. 

Modifications  in  the  Physical  Characters.  Ancient  physiciai 
who  frequently  resorted  to  bloodletting,  were  able  to  note  the  oi^< 
leptic  characters  of  the  blood  in  the  course  of  infections,  and  the 
have  left  us  highly  interesting  information  as  to  the  mode  of  coagi 
lation  and  the  appearance  of  clots. 

The  color  of  the  blood  is  generally  darker  than  under  normal  coi 
ditions.  This  excessive  venous  character  is  mainly  observed  irfie 
there  is  a  disturbance  in  hematosis.  Gubler  and  Renaut  have  notice 
however,  that  in  grave  typhoid  conditions,  malignant  diphtheria,  an 
hemorrhagic  types  of  eruptive  fevers  the  blood  presents  a  violet  hu 
different  from  the  dark  color  observed  in  asphyxia.  They  attribul 
this  state  to  an  alteration  in  the  hemoglobin.  The  same  appearanc 
is  evidently  found  at  the  necropsy.  In  cholera  the  blood  is  remarl 
able  for  its  thick  consistence  and  dark  color.  That  this  is  due  t 
some  modification  in  the  hemoglobin  is  demonstrated  by  the  fat 
that  when  shaken  with  oxygen  the  blood  does  not  resume  its  re 
color. 

If  infection  has  lasted  for  a  long  period  and  given  rise  to  anemia 
the  blood  is  pale  and  rose-colored.  In  some  grave  infections,  pai 
ticularly  in  nervous  forms  of  typhus  and  typhoid  fevers,  it  presem 
an  abnormal  arterialization  in  the  veins;  it  is  reddish  in  color.  Tbi 
may  be  due  to  the  excessive  acceleration  of  the  movements  of  th 
heart  which,  at  a  given  time,  causes  too  much  blood  to  pass  intoth 
tissues,  or  it  may  depend  upon  insufficiency  of  organic  exchanges 
owing  to  nervous  derangement,  and  expressed  in  a  diminished  pre 
duction  of  carbonic  acid. 

Tlie  l)lood  commonly  preserves  its  habitual  odor.  In  certain  case 
of  intense  gastrointestinal  disorders  and  putrid  lesions,  however,  i 
may  be  charged  with  nauseous  gases.  Morton  reports  that  in  aba 
case  of  fever  the  fetid  character  of  the  blood  where  it  issued  from  th 
vein  was  such  as  to  almost  cause  the  surgeon  and  his  assistants  t 
faint.  It  is  also  said  that  the  blood  of  variola  and  typhoid  patieni 
exhales  a  fetid  odor. 

The  modifications  in  the  consistence  of  the  blood  played,  as 
known,  an  important  role  in  the  pathogenic  doctrines  of  Boerhaav 
It  secerns  that  the  blood  is  simply  thicker  as  a  result  of  profuse  lo 
of  fluids,  markedly  in  cholera.    The  total  mass  is  said  to  be  th 
diminished  by  one  kilogram  (quart). 
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The  mode  ot  coagulation  of  the  blood  has  attracted  special  atten- 
tion. In  some,  instances  the  clot  is  firm,  slightly  retractile,  and  cov- 
ered with  a  thick,  fibrinous  layer:  this  is  the  blood  of  phlegmasias, 
such  as  is  obsen'ed  in  pneumonia,  acute  articular  rheumatism,  and 
certain  phlegmons.  In  other  cases  the  clot  is  soft,  tending  to  dissolve 
in  the  serum  .such  is  the  blood  in  grave  fevers,  typhus  fever,  bubonic 
plague,  and  t)T)hoid  fever. 

In  plain  phlegmasias,  notably  in  pneumonia,  the  blood  coagulates 
more  slowly  than  under  normal  conditions.  The  clot  is  remarkably 
small,  concentrated,  and  firm;  the  deeper  layers  are  red;  the  outer 
surface  is  formed  of  a  yellowish-white  layer  which  is  firm  and  thick. 
TWs  appearance  of  the  clot  is  due  to  the  excess  of  fibrin,  the  amount 
of  which  may  rise  from  2.5  to  10  per  1000.  As  is  known,  fibrin  plays 
an  important  rdle  in  the  defense  of  the  organism  against  the  pneu- 
naoeoccus,  and  it  is  therefore  possible  to  draw  some  valuable  deduc- 
tions T\ith  reference  to  prognosis.  The  upper  layer  is  thicker  in  pro- 
portion as  the  individual  is  more  robust  and  the  inflammation  more 
intense.  According  to  Hourmann  and  Dechambre,  the  blood  in  the 
aged  is  seldom  covered  by  the  usual  upper  layer,  a  fact  well  in  har- 
naony  with  the  lack  of  defensive  reactions  at  this  age.  Louis  and 
Grisolle  have  noted  that  the  upper  layer  is  often  absent  in  fatal  cases 
and  J?eldom  lacking  in  favorable  cases  of  pneumonia.  Among  the 
fonner  it  is  wanting  in  one-fifth  of  the  cases;  among  the  latter  in 
only  one  out  of  eleven  instances.^ 

In  grave  pjTexias,  hemoiThagic  types  of  eruptive  fevers,  tyj)hus 
fever,  bubonic  plague,  diphtheria,  and  pneumonia  of  typhoid  form 
the  blood  coagulates  slowly  and  incompletely.  The  clot  is  soft, 
non-retractile.  The  upper  surface  is  plain,  not  concave,  and  covered 
hy  a  slight  layer  of  fibrin.  The  serum  is  scanty  and  the  clot  has  a 
tendency  to  dissolve  in  the  serum. 

The  mechanism  of  these  phenomena  has  been  a  subject  of  (lis- 
ten. Some  authorities  have  attributed  them  to  modification 
^  the  amoimt  of  fibrin,  and  others  to  a  change  in  coagulability  of 
^he  latter.  However  this  maj''  be,  the  amount  of  fibrin  which 
^^lates  varies  markedly  with  the  group  of  infections  considered, 
^e  following  figures,  borrowed  from  the  highly  interesting  investiga- 
tions of  Andral  and  Gavarret,  give  a  clear  idea  in  this  respect. 
Kiese  authors  take  the  normal  proportion  of  fibrin  to  be  3 :  1000. 

*  GrisoUe.    Traits  de  la  pneumonie.    Second  edition,  1864,  p.  257. 
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Number  Number  of  Average 

Disease.                of  Cases.  Venesection,  of  Fibrin.  Maximum.  M%^ 

Pneumonia 20  57  7.47  10.5  A 

Acute  articular  rheumatism  .    14  41  6.89  10.2  4 

Acute  peritonitis    ....     4  6  6.2                 7.2  4. 

Erysipelas 5  8  5.67               7.3  6. 

Scarlatina 2  2  3.3                 3.5  3.: 

Variola 5  12  2.92               4.4  1.1 

Measles 7  9  2.8                  3.6  2.^ 

Typhoid  fever 19  43  2.52               3.8  OJ 

Spectroscopic  examination  of  the  blood  may  also  be  of  \ 
service  for  the  study  of  its  physical  properties,  as  has  been  si 
by  Henocque.  The  investigations  of  Henocque  and  Beaudoin  p 
that,  in  typhoid  fever,  the  energy  of  consumption  of  the  ox 
of  the  blood  by  the  tissues  is  in  inverse  ratio  to  the  elevatic 
temperature.  Fever  diminishes  the  activity  of  oxidations 
exchanges. 

Ohemical  Modifications.  The  chemical  modifications  suffere 
the  blood  in  the  course  of  infections  are  extremely  profound, 
evidenced  by  the  modifications  in  the  biological  properties  oi 
fluid.  They  are  so  delicate,  however,  and  bear  upon  such  uns 
substances  that  an  exact  analysis  is  a  matter  of  great  difficulty 
fact,  no  well-marked  changes  are  discovered  when  the  usual 
cedures  are  employed. 

Tlie  reaction  remaias  alkaline.  In  some  cases  of  cholera  it 
been  found  to  be  neutral  or  slightly  acid.  The  amount  of  v 
varies  inversely  to  the  globular  richness  and  increases  i)rogress 
under  the  influence  of  repeated  bloodletting.  As  to  the  amou] 
fibrin,  pneumonia  exerts  the  most  marked  influence,  since  in 
disea>^e  it  reaches  the  proportion  of  7.47  per  1000  on  an  avei 
10.5  being  the  maximum.  Even  when  this  disease  occurs  in 
viduals  already  suffering  from  an  affection  which  diminishes 
amount  of  fibrin,  such  as  purpura  and  cancer,  pneumonia  gives 
to  an  increase  of  this  substance.  It  Ls  said  that  albumin  is  di 
islied  when  fibrin  increases.  According  to  Becquerel  and  Ro 
the  addition  of  these  two  substances  gives  the  normal  total  we 

It  would  be  interesting  to  study  the  j)roducts  of  disassimila 
notably  urea,  ammonia,  and  extractive  matters.  Urea  is  inert 
in  the  blood  mainly  when  the  renal  secretion  is  profoundly  distu: 
as  is  the  case  in  cholera  and  variola.  In  cholera  as  much  as  3. 
1000  of  urea  may  be  found.  On  the  other  hand,  when  the  li' 
altered  the  extractive  matters  accumulate  in  the  blood. 
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The  variations  in  the  amount  of  glucose  must  not  be  overlooked. 
lYiave  pursued  on  this  subject  some  experiments  upon  animals 
moculated  with  anthrax.    In  operating  upon  cadavers  I  thus  noticed 
that  the  blood  contained  no  glucose.    In  view,  however,  of  the 
rapidity  with  which  sugar  disappears  after  death,  the  experiment 
was  not  conclusive.    If  blood  is  taken  at  the  moment  when  the 
animal  succumbs  an  extremely  intense  reduction  of  FehUng's  solu- 
tion is  obtained.    During  the  first  stage  of  anthrax,  while  the  general 
state  of  the  animal  is  apparently  excellent,  the  blood  contains  0.714 
to  1  gram  of  sugar  per  1000.    This  proportion  is  somewhat  below 
that  found  in  well-nourished  normal  rabbits,  in  which  it  varies  from 
155  to  1.40  grams  per  1000. 

During  the  second  stage,  when  the  anthrax  bacilli  pass  into  the 
blood  and  the  temperature  of  the  animal  is  lowered,  sugar  increases 
in  notable  proportions — it  reaches  the  proportion  of  2.24  and  even 
2.976  grams  per  1000.  This  is  probably  due  to  diminished  con- 
sumption of  sugar,  as  seems  to  be  evidenced  by  the  fall  in  temper- 
ature—another proof  of  the  decrease  in  nutrition  activity. 

The  chemical  modifications  of  the  blood  explain  the  modifications 
of  its  biological  properties,  viz.,  of  its  action  upon  the  figurate 
elements.  Thus,  the  globulicidal  power  increases  in  pneumonia, 
typhoid  fever,  erysipelas,  and  tuberculosis.  In  certain  experimental 
w/ections  the  serum  becomes  more  germicidal  than  normal,  even 
^en  the  disease  terminates  fatally.  These  questions  \vill  again 
^  referred  to. 

fc  recent  investigations  Achard  and  Clerc  endeavored  to  show 

^e  pathological  variations  produced  in  the  ferments  of  the  blood 

^rum.    These   authors  proved  that  considerable   attenuation  of 

y^  and  amylase  is  a  serious  symptom  and  often  indicates  approach- 

^^  death.    This  result  is  equally  true  with  regard  to  cachectic 

^^ditions  and  acute  or  chronic  infections,  such  as  pneumonia, 

.^hoid  fever,  and  tuberculosis.    Experimental  researches  pursued 

^  Our  laboratory  by  Dr.  Clerc  demonstrated  the  development  of 

^'^ar  modifications  in  inoculated  animals.    These  ferments  are 

*^^  evidences  of  the  activity  of  the  organism.     Their  study  may, 

therefore,  be  useful  for  diagnostic  purposes. 

^oroscopic  Study  of  the  Blood.  Microscopic  examination  of  the 
"Wd  shows  not  only  the  number  and  characters  of  the  corpuscles, 
"Vit  also  reveals  the  mode  of  coagulation  of  the  fibrin  and,  in  some 
D^asure,  its  quantity.    Hayem  has  given  a  perfect  description  of 
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the  mode  of  coagulation  of  the  blood  in  phlegmasias,  such  as  pneu- 
monia, and  rheumatism.  Coagulation  is  slightly  retarded.  Tbi^ 
modification  coincides  with  an  increase  of  the  leucocytes  and  tb^ 
presence  of  phlegmasic  masses  formed  of  "hematoblasts"  which  * 
viscous  substance  xmites  with  red  and  white  blood  corpuscles. 

In  the  majority  of  infections  the  number  of  red  blood  corpuscles 
and  ''hematoblasts"  is  diminished,  and  this  diminution  becomes 
more  and  more  pronounced  the  longer  the  disease  continues.  The 
red  globules  are  often  altered ;  they  contain  less  hemoglobin  than 
under  normal  conditions.  Hence  they  are  lighter  in  color,  and 
some  appear  completely  destitute  of  pigment.  This  occurs  in  cases 
of  adynamic  typhoid  fever,  hemorrhagic  variola,  and  typhopnea- 
monia. 

These  modifications  in  the  red  corpuscles  explain  in  part  the  dis- 
turbance occurring  in  the  respiratory  exchanges  and,  secondarily, 
in  general  nutrition.  In  most  cases  it  is  quickly  repaired.  In 
certain  predisposed  individuals,  however,  reparation  is  incomplete, 
and  infection  is  followed  by  a  more  or  less  persistent  anemia,  at 
times  even  by  chlorosis.  This  occurs  in  consequence  of  the  most 
varied  acute  diseases  as  well  as  in  the  course  of  certain  chronic 
maladies,  such  as  tuberculosis,  malaria,  and  syphilis. 

Variations  of  the  Leucocjrtes.  Since  attention  was  drawn  to  the 
considerable  r61e  played  by  the  leucocytes  in  the  protection  of  the 
organism,  great  interest  has  been  aroused  in  the  study  of  the  modi- 
fications which  these  cells  may  undergo.  An  endeavor  was  first 
made  to  determine  their  numerical  variations.  It  has  recently 
been  recognized,  however,  that  this  study  is  insufficient;  the  quali- 
tative modifications  must  be  taken  into  account;  that  is,  the  change^ 
occurring  in  the  different  varieties  of  leucocytes  must  be  determined- 

It  may  be  broadly    stated  that  in  the  majority   of  infection^ 
hyperleucocytosis  is  produced,  which  is  the  more  marked  the  mor^ 
resistant  the  individual.    Under  the  influence  of  the  same  amount  o^ 
a  given  virus  a  vaccinated  animal  presents  a  more  intense  leuco-^*'^ 
cytosis  than  an  animal  wthout  such  experience.    This  result  is 
readily  conceivable  in  \dew  of  the   protective   rdle  of  the  white 
blood  corpuscles.     In   fatal  cases   the   number   of  the   leucocytes 
diminishes  as  the  morbid  symptoms  become  aggravated. 

The  number  of  leucoc}i^s  per  cubic  milUmetre  being  normally 
from  6000  to  8000,  leucocytosis  is  said  to  exist  when  10,000  are 
counted.    This  figure  is  often  exceeded,  but  it  hardly  ever  rises 
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above  30,000,  and  but  exceptionally  reaches  60,000  or  115,000,  as 
was  the  case  in  a  pneumonia  reported  by  Loehr.  Among  infections 
which  most  frequently  give  rise  to  leucocytosis  we  may  cite  pneu- 
monia, suppurations  of  all  kinds,  gonorrhea,  and  glanders.  On  the 
other  hand,  typhoid  fever  and  measles  cause  but  a  slight  and  transi- 
tory increase  of  the  leucocytes.  Scarlatina  is  attended  by  a  leuco- 
cytosis which  persists  long  after  the  fall  of  temperature.  In  tetanus 
leucocytosis  varies  from  15,000  to  20,000.  In  tuberculosis  the 
figures  are  from  10,000  to  20,000.  When,  however,  a  caseous  focus 
breaks  down  and  piu-ulent  expectoration  supervenes  the  number 
of  leucocytes  at  times  reaches  36,000  (Hayem). 

It  may  broadly  be  stated  that  leucocytosis  begins,  progresses,  and 
declines  with  the  disease. 

As  to  the  qualitative  modifications  of  the  leucocytes,  it  must  first 
be  noted  that  it  is  mainly  the  neutrophilic  polynuclears  which  are 
"^creased.  In  gonorrhea  the  eosinophiles  are  said  to  increase;  in 
whooping-cough  the  Isnnphocytes;  in  variola  and  varicella  the 
niononuclears. 

ft  is  important  to  determine  for  each  infection  the  numerical 
^'ariations  undergone  by  each  variety  of  leucocytes.*  This  has  been 
done  by  Chantemesse  and  Rey  for  erysipelas.  In  adults  who  recover, 
^he  polynuclears  suflfer  a  diminution  imtil  recovery  is  confirmed. 
The  large  mononuclears,  the  number  of  which  does  not  vary  much 
during  the  febrile  period,  increase  considerably  immediately  before 
Wat  the  beginning  of  defervescence.  The  variations  of  the  lympho- 
cj^tes  follow  a  reverse  course,  and  their  increase  is  a  certain  sign  of 
*  positive  cure.  The  eosinophiles,  commonly  absent  during  the 
febrile  period,  reappear  at  the  moment  of  defervescence.  In  fatal 
^^^  hj'perleucocytosis  always  exceeds  12,000  and  is  characterized 
"y  a  polynucleosis  which  reaches  or  exceeds  the  proportion  of  92  per 
^^t.  The  persistence  or  sudden  return  of  polynucleosis  in  the 
^urse  of  convalescence  indicates  the  imminence  of  a  relapse.  Thus, 
the  interest  of  this  study  for  diagnostic  purposes  is  considerable. 

The  same  study  with  regard  to  typhoid  fever  has  been  made  l^y 
^^antemesse.  Millet,  and  Stienon.  At  the  beginning  the  absolute 
number  of  the  leucocytes  is  diminished.  The  polynuclears,  however, 
^  Diore  numerous  than  normal.  They  constitute  70  or  even  90 
Ff  cent,  of  the  total  number.    The  lymphocytes  are  diminished, 

CoQsult  the  general  review  by  Jo6u6,  "  Formule  hemoleucocytaire  de  quelques  mala- 
^  infectiexwes."    Gazette  des  hdpitaux,  December  15,  1900. 
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while  the  eosinophiles  are  ahnost  entirely  absent.  In  the  second 
stage  the  number  of  leucocytes  is  alwasrs  below  the  normal;  tbc 
number  of  the  mononuclears,  however,  and  particularly  of  the 
lymphocytes,  rises,  while  that  of  the  polynuclears  diminishes  by 
sudden  falls.  During  convalescence  the  polynuclears  are  not  very 
numerous,  while  the  Isnnphocytes  increase,  and  the  large  mono- 
nuclears represent  20  to  30  per  cent,  of  the  total  figure.  The  increase 
in  the  number  of  the  eosinophiles  announces  that  convalescence  will 
supervene  within  a  day  or  two.  The  return  to  the  normal  is  subse- 
quently effected  in  a  slow  or  progressive  manner.  Should  some 
inflammatory  compUcation  occur  it  is  announced  by  a  sudden 
increase  in  the  polynuclears. 

In  this  connection  typhoid  fever  may  be  contrasted  with 
pneumonia,  which,  unlike  the  former,  is  a  disease  characterized  by 
an  abrupt  development.  Numerous  hematological  investigations 
demonstrate  that  the  number  of  leucocjrtes  rises  suddenly  after  tbe 
initial  chills.  The  polynuclears  predominate ;  before  the  crisis  they 
reach  80  per  cent. ;  on  the  eve  of  crisis  they  rise  to  86  per  cent.,  to 
fall  to  71  per  cent,  after  defervescence  and  to  57  per  cent,  on  the  days 
following  (Leredde).  At  this  moment  an  increase  in  lymphocytes 
and  eosinophiles  is  observed,  the  latter  rising  from  3  per  cent,  to 
5,  to  6,  or  even  7  per  cent.  (Tiirck).  In  cases  in  which  pol3mucleosis 
persists  after  defervescence  the  termination  of  the  disease  should  be 
considered  incomplete.  If  the  polynuclears  increase,  suppuration  of 
the  exudate  is  to  be  feared. 

The  infections  characterized  by  mononucleosis  constitute  a  verV 
particular  group.  Aside  from  whooping-cough  (Mennier)  the  patho^ 
genie  agent  of  which  is  unknown,  we  see  that  all  of  them  are  pro^ 
duced  by  protozoa.  This  has  first  been  demonstrated  with  reganf 
to  malaria.  During  a  paroxysm  there  is  first  an  increase  of  lympho- 
cytes and,  in  a  less  degree,  of  eosinophiles  and  large  mononuclears. 
Fifteen  to  twenty  minutes  later  the  lymphocytes  are  more  numerous 
and  the  large  mononuclears  rarer.  The  pol3'^nuclears  undergo  scarcely 
any  change. 

The  author  believes  variola  to  be  due  to  a  protozoon  of  a  quite 
different  order.  AMiether  this  parasite  develops  in  man  or  is  inocu- 
lated into  rabbits  it  gives  rise  to  mononucleosis.  Leucocytosis  may 
be  moderate.  In  a  total  of  36  cases,  studied  in  our  wards,  we  found 
19  times  6000  to  15,000  leucocytes  per  cubic  millimetre,  12  times 
15,000  to  20,000,  3  times  25,000,  and  in  the  last  two  cases  30,000  to 
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S.OO0.  .\lthough  leucocytosis  is  present  from  tlie  beginning,  it  is 
particularly  intense  at  the  time  of  vesiculation,  and  remains  sta- 
lionaiy.  slightly  (liiniaishes,  or  increases  during  pustulation.  In  the 
fwmorriiagic  forms  it  is  less  marked,  but  is  seldom  absent. 

In  scarlatina  the  number  of  the  leucocytes  is,  according  to  Kolshet- 
koff.from  10.000  to  20,000  in  light  cases,  20,000  to  30,000  in  cases 
»f  ordinary  intensity,  more  than  30,000  in  grave  cases.  The  poly- 
represent  85  to  98  per  cent.;  the  eosinophiles,  which  are 
decreased  at  the  beginning  of  tlie  disease,  grow  more  and 
^Miaerous  during  its  course;  they  diminish  and  may  even 
in  grave  casi's. 

luteiioacopic  Exanunation  of  the  Blood.  Microscopic  examina- 
tiooof  sniali  drops  of  blood  at  times  reveals  the  presence  of  patho- 
genic ggents,  and  thus  gives  valuable  clinical  information.  Such  is 
pwiicularly  the  case  in  malaria — the  presence  of  the  pecuhar  hemato- 
euablcs  us  to  reach  a  positive  diagnosis.  In  hemorrhagic 
as  well  as  in  congenital  smallpox,  the  blood  contains 
characteristic  of  this  infection,  Tlie  same  elements  are 
in  the  blood  of  inoculated  animals,  at  least  when  the  disease 
STiivM  rapidly. 

Wljen  practised  during  a  paroxysm  of  recurrent  fever,  examination 
"  lie  blood  reveals  the  presence  of  the  spii'illa  of  Obernieier.  Tlie 
PW«te  Cannot  be  seen  during  the  intervals  of  the  paroxysms. 

TTw  microscope  more  rarely  permits  the  detection  of  bacteria. 
"flatter  are  hardly  ever  seen  except  toward  the  end  of  diseases. 
™di  particularly  is  the  case  in  anthrax — the  presence  of  the  anthrax 
"•olti  it  the  blood  indicates  a  general  infection  and  announces  the 
approach  of  a  fatal  termination. 

ite  does  not  mean  that  bacteria  do  not  invade  the  blood,  even 
JTjiSfsof  curable  infections,  but  that  the  germs  are  always  present 
"1  sucli  umall  numbers  that  it  is  difficult  to  detect  them  by  a  simple 
oucroBcopic  examination.  To  obtain  precise  information,  cultiva- 
t""!  and,  sometimes  with  advantage,  inoculation  must  be  resorted 
*«■  By  employment  of  these  various  procedures  the  tubercle  bacillus 
has  fjeea  detected  in  the  blood  in  cases  of  acute  miliary  tuberculosis 
flVeicliselbaum)  and,  more  rarely,  the  bacillus  of  glanders  and  that 
of  typhoid  fever.  The  latter,  wliich  is  only  very  exceptionally 
icountered  in  the  blood  of  the  general  circulation,  is  often  met 
■ith  in  tlie  rose-colored  spots  of  the  skin  ami,  almost  constantly,  in 
le  bloof]  of  the  spleen. 
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The  microbes  of  septicemia — the  staphylococcus,  streptococcus, 
and  pnemnococcus — invade  the  blood  oftener  than  is  generaBy 
believed,  but  they  are  present  in  such  small  numbers  that  it  is  ' 
difficult  to  detect  them.  When,  however,  a  considerable  amount  of 
the  blood  is  cultivated  or  inoculated  it  is  seen  that  the  microbcB 
are  present  in  the  blood  even  in  benign  cases,  althou^  they  are 
more  numerous  in  grave  cases.  In  this  respect  the  figures  given  by 
Beco  are  altogether  conclusive.  Of  fifty-six  patients  suffering  from 
pneumonia  eleven  had  the  pneumococcus  in  the  blood.  Of  twenty- 
nine  of  these  patients  who  recovered,  in  only  two  was  the  blood 
invaded.  Among  the  twenty-seven  who  died  the  blood  was  infected 
in  ninety. 

It  is  well  to  add  that  the  staphylococcus  has  also  been  found  in 
the  blood  in  cases  of  furunculosis,  anthrax,  osteomyelitis,  and  puer- 
peral or  surgical  infections.  According  to  Sittmann,  its  presence  does 
not  render  the  prognosis  so  serious  as  does  that  of  the  streptococcus 
or  pneumococcus. 

Modifications  of  the  Hematopoietic  Organs.  Of  the  numerous 
modifications  suffered  by  the  blood  in  the  course  of  infectious  dis- 
eases some  are,  perhaps,  due  to  the  direct  action  of  microbic  toxins, 
but  most  of  them  depend  upon  previous  modifications  of  the  organs 
or  tissues.  The  blood  being  a  production  of  cellular  origin,  its 
changes  indicate  previous  modifications  in  the  organs  concerned  in 
the  task  of  assuring  its  chemical  constitution  or  furnishing  it  with 
figurate  elements.  It  is,  therefore,  natural  to  investigate  the  occur- 
rences in  the  hematopoietic  organs.  For  consideration  of  the  mor- 
phological elements  attention  must  be  drawn  to  the  organs  in  which 
the  red  and  the  white  blood  corpuscles  are  formed — the  bone-niarrow, 
spleen,  lymphatic  glands,  and  the  thymus. 

As  a  result  of  the  admirable  researches  of  EhrHch  it  was  believed 
that  the  hematopoietic  organs  could  be  divided  into  two  group- 
One  group  is  constituted  by  the  lymphoid  tissue  and  gives  rise  to 
non-granular   mononuclears,  namely,   the   lymphatic   glands,  the 
spleen,  and  the  lymphoid  structm*es  of  the  digestive  tract.   The 
other  group,  represented  by  the  myeloid  tissue,  is  said  to  be  the 
source  of  red  blood  corpuscles  and  granular  polynuclear  leucocjl^- 
So  sharp  a  distinction  is  no  longer  admissible.    Tlie  researches  pur- 
sued by  me  with  Dr.  Josue  showed  that  view  to  be  too  sweeping  as 
regards  the  bone-marrow.    The  histological  examinations  which  1 
made  with  Weil  tend  to  prove  that  the  study  of  variola  does  not 
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)nfinii  this  dichotomy.  Finally,  in  a  highly  remarkable  series  of 
searches,  Dominici  systematically  studied  the  various  hemato- 
wietic  organs  of  man  and  animals  and  demonstrated  that  the  spleen 
nay  undergo  a  total  myeloid  transformation,  as  notably  occurs  as 
I  result  of  repeated  hemorrhages.  He  further  demonstrated  that 
vaccine  virus  causes  the  appearance  of  basophilic  and  amphopliilic 
nyelocytes  and  nucleated  red  blood  corpuscles  in  the  lymphatic 
^ds.*  It  may,  therefore,  be  concluded  that  the  various  lymphatic 
«lls  may  originate  in  all  the  organs  concerned  in  hematopoiesis. 
[f,  under  normal  conditions,  each  organ  contains  exclusively  one  sort 
)f  leucocytes,  infection  causes  these  seemingly  fixed  distinctions  to 
fcappear.  Thus,  cellular  types,  which  were  no  longer  found  in  the 
adult,  reappear,  indicating  a  return  to  conditions  of  fetal  life. 

The  Bone-marrow  in  Infections. 

PMiminary  Considerations  of  Normal  Anatomy  and  Physiology. 

Hie  bone-marrow  has  long  been  considered  a  tissue  filling  up  the 
nterior  of  bones  to  give  them  sohdity  without  increasing  their 
''Right.  It  is  now  known  that  it  discharges  in  the  economy  numerous 
inctions  of  importance.  This  new  conception  has  been  accepted 
ith  some  difficulty.  In  fact,  the  cellular  elements,  which  evidently 
■present  the  active  part,  diminish  and  disappear  as  the  individual 
^ws;  fat  takes  their  place,  so  that  the  marrow  seems  to  lose  all  its 
national  importance.  It  comes  to  a  stat«  of  rest.  As  soon, 
Wever,  as  a  new  physiological  or  pathological  condition  requiring 
e  production  of  white  or  red  blood  corpuscles  supervenes,  the  fat 
absorbed,  the  cells  proUferate,  and  in  some  instances  finally 
come  as  numerous  as  in  young  subjects.  Instead  of  the  yellow 
lor  which  the  marrow  presents  in  the  adult,  it  becomes  red,  as  in 
e  beginning  of  Ufe;  it  resumes  the  fetal  character.  Thus,  histo- 
Sical  examination  may  inform  us  as  to  the  degree  of  activity  of 
e  bone-marrow. 

It  is  known  that  the  bone-marrow  seems  to  be  formed  of  fattv 
^  in  the  adult.  A  more  attentive  study  shows,  however,  that 
is  a  tissue  of  well-determined  texture.  It  contains  two  series  of 
llular  forms;  some  are  destined  for  the  production  of  leucocytes, 
e  other  for  the  production  of  cells  with  hemoglobin. 

Domimci.  Siir  le  plan  de  structure  du  systdme  hematopoi^tique  des  mamniifdres. 
hives  de  m^.  exp^r.,  July,  1901. 
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Tlie  cells  of  the  first  series — i.  e.,  the  myelocytes,  generally  im0^^^ 
from  14jtc  to  20/i,  have  the  appearance  of  mononuclear  leucocy*^' 
•but  differ  from  them  by  the  presence  of  protoplasmic  granulatid^ 
similar  to  those  found  in  the  polynuclear  leucocytes  of  the  blocK*' 
•According  to  their  tinctorial  properties  the  granulations  are  divided 
into  oxyphiles  or  eosinophiles,  pseudoeosinophiles,  neutrophilea,  and 
basophiles.    The  neutrophile  myelocytes   are   the   most  profusely 
distributed. 

The  bone-marrow  likewise  produces  red  blood  corpuscles.  It  is 
possible  to  follow  the  various  stages  of  the  evolution  of  the  nucleated 
red  globules. 

The  bone-marrow  seems  also  to  be  capable  of  producing,  especially 
under  pathological  conditions,  soluble  substances;  as  the  latter 
always  proceed  from  cellular  secretions,  the  proliferation  observed 
in  the  course  of  diseases  is  favorable  to  this  conception. 

It  is  hardly  necessary  to  recall  the  r61e  played  by  the  bone-marrow 
in  the  nutrition  and  regeneration  of  bones.*  Finally,  the  marrow 
is  capable  of  absorbing  as  well  as  of  secreting.  The  experiments  rf 
Dubuisson-Christot  demonstrated  that  substances  introduced  into 
the  medullary  canal  of  long  bones  rapidly  pass  into  the  gen^ 
circulation,  even  more  rapidly  than  when  injection  is  made  into  th^ 
peritoneum  or  the  liver. 

Modifications  of  the  Bone-marrow  in  Experimental  InfectioDS- 
The  bone-marrow  becomes  the  centre  of  defense  for  the  organism  tx^ 
a  number  of  infections  and  intoxications.     This  role,  which  v^ 
endeavored  to  elucidate  in  a  series  of  researches  published  with 
Dr.  Josue,  had  but  rarely  been  studied  before  us.     In  December^ 
1896,  we  reported  our  first  investigations  on  the  state  of  the  bone^ 
marrow  in  suppurations,  pointing  out  the  important  modificAtiod^ 
in  the  structure  and  texture  of  this  tissue.'     Dominici,'  prom^ 
the  appearance  of  nucleated  red  globules  in  the  blood  of  infected 

^  oilier.     De  la  moelle  des  os  et  de  son  r61e  dans  Tossification.     Journal  de  la  phys-"'^ 
iologie,  1863.    Goujon.    Recherches  exp^rimentales  sur  les  propri^tds  phj-siologiques  d^ 
la  moelle.     Journal  d'anatomie  et  de  physiologic,  1869. 

2  Roger  and  Josu^.  Recherches  exp6rimentales  sur  les  modifications  de  la  moelle 
osseuse  dans  le.s  .suppurations.  Soc.  de  biol.,  Dec.  12,  1896.  p.  1038.  Action  de  la  toxine 
et  de  I'antitoxine  dipht^riques  .sur  la  moelle  osseuse,  ibid.,  Jan.  9,  1897.  Des  modifi- 
cations histologiques  et  chimirjues  de  la  moelle  osseuse  aux  different*  Ages  et  daas 
I'infection  staphylococcicjue,  ibid.,  March  25,  1899.  Des  modifications  histologique 
chimiques  de  la  moelle  osseuse  dans  I'inanition,  ibid.,  May  5,  1900. 

3  Dominici.    Tumeur  de  I'ampoule  de  Vater.     Soc.  anat.,  1896,  p.  708.     Septic^mie 
exp.  k  globules  rouges  nucl^es,  ibid.,  1896,  p.  714. 
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rabbits,  attributed  this  phenomenon  to  the  reaction  of  the  bone- 
marrow.  About  the  same  time  Trambusti  studied  the  bone-marrow 
of  guinea-pigs  in  diphtheria  and  laid  stress  on  the  signs  of  functional 
activity  which  this  disease  imposed  upon  the  cells  of  the  marrow. 

The  reaction  of  the  bone-marrow  is  expressed  not  only  by  cellular 

nwdifications  indicating  increased  activity,  but  also  by  topographic 

changes  easily  noticeable  on  sections,  even  when  examined  by  the 

unassisted  eye.    The  marrow  gives  rise  to  blood  cells  endowed  with 

I     phagocytic  properties ;  consequently,  when  an  increased  number  of 

[     these  is  required,  the  original .  cells  or  myelocytes,  intermediate 

fonns,  even  the  polynuclears,  are  likewise  increased  in  the  medullary 

tissue.   The  latter  is  thus  invaded  by  a  tremendous  number  of  cells. 

By  giving  birth  to  the  leucocytes,  which  will  pick  up,  digest,  and 

destroy  pathogenic  germs,  the  bone-marrow  plays  a  role  of  prime 

importance  in  the  defense  of  the  organism;  it  supplies  it  \\ith  the 

wmy  which  will  defeat  the  invaders.    It  is,  therefore,  at  the  moment 

of  danger  that  this  tissue  displays  the  greatest  energy. 

[      The  r61e  of  the  bone-marrow  thus  seems  to  be  more  complex. 

[    Although  there  is  no  direct  demonstration,  it  is  highly  probable  that 

the  marrow  possesses  secretory  and  antitoxic  properties.    This   is 

indicated  by  the  multiplication  of  medullary  cells  in   the  course 

of  various  intoxications  and  consecutively  to   the  introduction  of 

I    certain  sera. 

f  Tliis  reaction  of  the  bone-marrow  is  observed  in  a  groat  nimiber 
,  of  conditions.  Staphylococcic  infection,  which  was  the  first  subject 
I    of  our  investigations,  may  be  cited  as  an  example. 

Modiflcations  in   the  Bone-marrow  in  Experimental  Staphylococcic  In- 

^wi    In  these  experiments  we  employed  adult  rabbits  weighing 

^^  2000  to  3200  grams.    We  chose  such  heavy  animals  in  order  to 

w  certain  that  their  marrow  presented  the  adipose  type.    In  fact, 

;    ^  ^^  known  that  the  cellular  elements,  which  are  very  abundant  in 

"^^  young,  diminish  with  age  and,  in  the  adult,  are  replaced  by  fat. 

If  a  culture  of  medium  virulence  be  employed  the  modifications 

*Wch  result  from  a  subcutaneous  injection  may  easily  be  watched 

iD  the  bone-marrow.    Forty-eight  hours  after  the  injection  of  1  c.c. 

rfthe  culture,  the  local  lesion — i.  e.,  suppuration — appears.   At  this 

moment  leucocytosis  is  at  its  maximum;  the  leucocytes  are  found 

to  number  from  12,000  or  15,000  to  30,000  or  40,000  per  c.mm.    If 

the  animal  is  killed  the  bone-marrow  presents  a  red  color,  con- 

gderable  congestion,  and  multitudes  of  red  cells.    The  medullary 
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eellfl  are  also  increased  and  particularly   profuse  in  the  perij^heril 
parte. 

The  modifications  progress  so  that,  on  the  fifth  day,  the  niarroff 
19  constituted  simply  of  cells  mixed  with  red  coriiuscles  and  accumu- 


lated in  large  numbers  at  certain  points.    There  is  nothing  left 
the  norma!  arrangement,  no  more  areolie  full  of  fat. 


I 
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■^  the  end  of  fifteen  days  retrogression  of  the  process  is  observable ; 

iwrnml  conditions  tend  to  reappear  here  and  there;  areolfe  full 

*t  We  agMn  found,  remarkable  only  for  their  smaller  dimensions. 

.,    '^suniup,  all  the  cellular  elements  increase  in  number  and  size; 

^^  sie  in  a  state  of  intense  activity.    The  inert  elements,  which, 

^  Oonaal  conditions  or  rather  in  a  state  of  rest,  form  the  greatest 

"f  the  tissue,  give  way  to  the  active  elements. 

j^     lifstion  may  be  raised  here:  May  one  variety  of  ceils  multiply 

"  predominant  or  exclusive  manner?    In  other  words,  are  there 

*^pliilic,  eosinophiUc,  or  normoblastic  reactions? 

aho    ""^  ^^  place,  it  is  to  be  recognized  that  there  is  never  an 

Pis    .  *'y  exclusive  multiplication  of  cells.     In  the  cases  which  we 

Sbl^^^  a  certain  degree  of  irritation  and  proliferation  of  other 

(jQ     ^  existed.    Likewise,  in  the  neutrophilic  reaction  of  suppura- 

0/  _„,  ^^  certain  infections  there  is  multiplication  of  other  varieties 


^'"'■^n^iow 


'lU.     Fatty  areolic 


k  *«actioiu  of  the  B<nie-iDaiTOW  in  Man.  The  human  bone- 
I  "^iToff  seems  to  lose  most  of  its  activity  at  an  early  age.  \\Tien, 
■    Jitirever,  an  intoxication  occurs  it  again  assumes  the  type  observed 

"I  childhood ;  it  resumes  its  functions  in  order  to  protect  the  organism. 

Hk  cellular  elements,  which  were  extremely  rare  when  the  organs 
f    irtfe  not  engaged  in  struggle,  become  very  numerous.    The  reac- 
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tion,  however,  is  less  readily  procluceii  mid  less  marked  lliaoi 
rabbit. 

Let  us  take,  for  example,  the  neutrophilic  reaction  of  the 
marrow  in  tuberculosis.'     The  proliferated  bone-marrow  is 
in  color,  softer,  and  at  times  pasty.    Under  the  microscojje  it 
that  cellular  prohferation  is  not  at  once  progressing  through^ 
entire  thickness  of  the  marrow.    The  invasion  by  the  cells 
partial;  their  distribution  is  not  clearly  sj-stematic.     Even 
midst  of  [jrohferated  paits  there  may  l)e  found  fatty  areola, 
not  so  large  as  normal. 


i*?.y*^vj^lvisi^.^^'^ 


When  considerably  magnified  all  the  cells  are  found  to  be  I 
creased  in  number,  although  the  neutrophile  myelocj-tes  are  pre- 
dominant, mixed  with  all  the  intermediate  series  entiing  in  poJv- 
nuclears.  The  giant  cells  are  not  as  large  as  in  the  rabbit.  In  the 
midst  of  all  these  elements  are  obser\-ed  masses  of  pigment  colored 
black  by  ammonium  sulphydrate. 

The  Bone-marrow  in  Smallpox.  The  recent  epidemic  of  varinla 
in  France  offei-ed  an  opportunity  to  take  up  this  study  and,  by  means 
of  numerous  improvements  in  fixation  and  staining,  to  complete  and 

I  JoBuiS.    Moollp  oaseuse  des  tub<TCul''U't  el  hiwlogeiifir-  du  lubrrcule.    Thdw  <le  Paru. 


L  . 


ol^en'atioris  on  tliis  point  are  at  variance  nlth  those  of  Golgi,'  who 
ItiA  Ktreas  upon  the  intensity  of  the  reactionary  phenomena  which 
the  bone-marrow  jiresented  in  the  cases  studied  by  him.  However, 
by  comparing  the  results  furnished  by  a  topographic  examination 
of  tic  marrow  with  those  obtained  by  counting  tlie  white  corpuscles 

■  Courmoot  and  Monlaganl,      La  mobile  osepuw  iIbIih   la  variole.     XIIIo  Congr^s 
InlvnwtloiuJ  de  m^dtpinp.  Section  <lc  path,  ^i^ii^rale,  Pariii,  August,  1900,  p.  187. 

*  RofW,  Jnau^.  and  Emile  Well,     La  morUe  ofVPiixc  dnna  la  vuriolc.     i 
jotr  1*.  l»«>-    Arehivea  de  mM.  up.,  Spplerabtr,  lOnit 

*  Gnl«i.    Stitle  nlterazinni  del  iiddDllo  del  OK'^n  t>tl  vninulo    HiviAiadlniradi  Itulogna 
1873.  p.  238. 
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on  the  eve  of  death  we  find  an  absolute  concordance.  Thou^  the 
proliferation  of  the  cells  is  poorly  marked  or  nil  in  the  medullarf 
tissue,  the  number  of  leucocytes  contained  in  the  blood  itself  is  w* 
great,  varying  from  6000  to  8000,  not  exceeding  4428  in  cases  of 
confluent  variola  with  terminal  hemorrhages  in  which  the  bone 
marrow  was  fatty. 

The  appearance  of  the  bone-marrow  in  children  suffering  from 
variola  is  altogether  different.  The  latter  were  all  attacked  by 
bronchopulmonary  infectious  compUcations.  The  marrow  was  red 
and  invaded  by  large  numbers  of  cells.  The  fatty  areolse  had  com- 
pletely disappeared.  The  cellular  formula  in  smallpox  may  be 
briefly  laid  down  as  follows:  marked  predominance  of  the  moBO- 
nuclears,  relative  diminution  of  the  polynuclears.  This  is  in  accord 
with  the  findings  of  a  quaUtative  examination  of  the  blood,  in  ¥duA 
the  polynuclears  are  likewise  present  in  small  numbers,  \dule  the 
mononuclears  are  more  abimdant  than  normally,  and  belong  in  part 
to  different  varieties  which  are  not  found  under  normal  conditions: 
myelocj'tes,  forms  of  irritation  of  Tiirck,  etc. 

The  reactionary  manifestations  are  the  same  in  both  pustular  and 
hemorrhagic  variola. 

Lesions  of  the  Bone-marrow  in  InfectionB.  Apart  from  those 
modifications  which  occupy  the  undecided  boundary  between 
healthy  and  diseased  conditions,  since  they  indicate  a  strug^c 
against  a  pathogenic  agent,  true  lesions  may  also  be  observed  in  tiic 
medullary  tissue. 

All  alteration,  particularly  frequent  in  acute  infections,  is  chaT^ 
acterized  by  disappearance  of  the  nucleus,  so  that  the  cell  forms  nC^ 
more  than  a  uniform  red  mass.  Such,  for  instance,  is  the  case  in 
experimental  infection  by  anthrax. 

There  may  also  be  found  lesions  of  the  connective  tissue.  Among 
these  sclerosis  is  the  most  frequent.  The  sclerotic  marrow  often 
observed  in  tuberculous  individuals  may  be  taken  as  a  type.  It  is 
yellow  in  color  and  firm.  Sclerosis  often  coexists  with  cellular 
proliferation;  the  two  lesions  are  then  sharply  separated  and  are 
produced  in  different  regions  of  the  medullary  tissue. 

The  vessels  at  times  present  marked  lesions  of  arteritis  and 
phlebitis.  In  five  children  who  suffered  from  chronic  gastroenteritis 
and  succumbed  to  bronchopneumonias,  Haushalter  and  Spillmann 
found  marked  lesions  of  endarteritis  and  periarteritis. 

Finally,  miliary  tubercles  may  develop  in  the  medullary  tissue  in 
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968  of  acute  tuberculosis.  These  tubercles  present  the  ordmary 
ucture,  and  may  be  reproduced  experimentally  by  inoculating 
tares  of  the  tubercle  bacillus  into  the  bone-marrow. 
MAogj  of  the  Bone-marrow.  The  study  of  modifications  in 
bone-marrow  presents  considerable  importance  from  the  stand- 
it  of  general  pathology.  It  reveals  one  of  the  defensive  pro- 
ires  of  the  organism.  It  may  appear  less  interesting  from  a 
cal  standpoint.  The  increased  activity  of  the  bone-marrow  may, 
ever,  explain  certain  painful  sensations  experienced  in  the  course 
I  consequence  of  infections  in  the  limbs,  especially  in  the  juxta- 
lysial  regions.  It  likewise  accounts  for  the  overgrowth  of  young 
jcts  in  consequence  of  certain  diseases,  notably  typhoid  fever, 
lay  even  be  questioned  whether  certain  osseous  deformities, 
in  lesions  of  the  skeleton,  are  not  the  consequence  of  the  morbid 
jss  of  which  the  bone-marrow  is  the  seat.  Are  not  the  osteop- 
s  of  pneumonia,  the  osseous  lesions  of  dyspeptic  persons,  and 
bly  the  nodules  of  the  second  phalanges,  connected  with  lesions 
le  medullary  tissue?  Is  not  this  tissue  responsible  for  the 
lopment  of  rachitis  and  osteomalacia? 

lat  these  remarks  are  not  baseless  is  shown  by  the  results  yielded 
le  study  of  typhoid  fever.  Varioas  osteomedullary  manifes- 
ns  have  been  observed  as  a  result  of  this  infection.^  Among 
nilder  phenomena  are  the  dull  paias  similar  to  those  felt  in  the 
died  *' fever  of  growths."  It  is  probably  due  to  the  action  of 
sed  toxins.  At  a  higher  degree  the  patient  complains  of  a  fixed 
which  is  the  clinical  expression  of  a  microbic  colonization, 
er  resolution  occurs  or  an  exostosis  develops.  Finally,  if  the 
t)be  is  more  \irulent,  a  focus  of  osteomyelitis  is  produced,  at 
8  so  slowlv  as  to  simulate  a  cold  abscess, 
similar  series  of  evolution  Ls  observed  in  a  chronic  infection, 
syphilis.  Pains  in  the  bones,  exostoses,  and  gummata  equally 
t  to  an  important  participation  of  the  medullary  tissue, 
le  osteomedullary  tissue  may  be  the  starting  point  of  embolic 
lents.  OsteomyeHtis,  proliferative  inflammations  of  the  bone- 
ow,  liberate  a  certain  amount  of  fat.  This  substance  enters  the 
lation,  and,  being  arrested  in  the  capillaries,  notably  in  those  of 
mg,  may  give  rise  to  grave  disorders, 
e  clinical  study  of  the  bone-marrow  must  be  completed  by 

bard.    Manifestations  osseuses  de  la  fidvre  typhoide.    Semaine  m^d.,  1890,  p.  345. 
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hematological  examinations.  These  examinations,  by  showinj 
great  number  of  myelocytes,  enable  us  to  affirm  involvement  of 
marrow.  Two  diseases  in  particular  cause  the  passage  into 
blood  of  these  pecuUar  cells,  which  are  never  encountered  the 
under  normal  conditions.  One  of  them  is  Ijrmphadenia,  the  influc 
of  which  has  long  been  known;  the  other  is  variola,  which  gives 
to  a  myelocytosis  so  very  characteristic  that  it  may  aid  in  establ 
ing  a  differential  diagnosis. 

The  Spleen  in  Infections. 

The  important  r61e  played  by  the  spleen  in  the  defense  of 
organism  has  only  recently  been  understood.  It  appears 
demonstrated  that  this  gland  exerts  a  destructive  action  upon  li' 
parasites  and  organic  particles.  Its  chief  function,  however,  i 
supply  to  the  circulation,  and  thus  send  to  distant  parts  of 
economy,  cells  capable  of  struggUng  against  infectious  agents, 
addition  to  this  phagocytic  r61e  related  to  its  richness  in  mor] 
logical  elements,  the  spleen  may  also  aid  in  modifying  the  chen 
constitution  of  the  blood;  it  produces  germicidal  substances, 
protective  r61e,  however,  important  as  it  is,  cannot  be  said  t( 
indispensable  for  the  economy.  Animals  devoid  of  a  spleen  are 
capable  of  resisting  infection,  because  there  are  many  other  orj 
endowed  with  the  same  function.  We  shall  cite  but  one  exam 
In  variola,  the  reactionary  modifications  in  the  bone-marrow 
in  the  spleen  are  analogous;  the  same  cells  are  produced  by! 
organs. 

Infectious  diseases  almost  constantly  affect  the  spleen  anc 
most  cases  cause  hypertrophy  of  this  organ.  This  law  suffers  a 
excei:)tions.  The  liver  is  not  altered,  at  least  its  volume  is 
increased,  in  yellow  fever,  dysentery,  and  cholera;  it  is  poss 
however,  tliat  its  parenchyma  does  undergo  mocUfications  w 
require  minute  investigations  for  their  discovery. 

The  state  of  the  spleen  in  typhoid  fever  has  been  a  subje< 
particular  attention.  Morgagni  noted  the  hypertrophy  of  this  c 
in  the  course  of  febrile  diseases  which  may  easily  be  relate 
typhoid  fever.  Some  authors  went  so  far  as  to  regard  the  alter 
of  this  gland  tlie  characteristic  feature  of  tyi)hoid  fever,  and  desc 
epidemic  and  contagious  splenitis.  It  is  to  be  remarked,  how 
that  the  spleen  is  not  alone  altered,  but  the  other  hematop 
glands  are  similarly  involved. 
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is  is  known,  hypertrophy  of  the  spleen  occurs  in  the  middle  of 
the  first  week  of  typhoid  fever;  it  increases  until  the  end  of  the 
second  week,  and  may  be  accompanied  by  intraparenchymatous 
hemorrhages  and  terminate  exceptionally  in  rupture  of  the  organ. 
Hie  hypertrophied  spleen  is  at  first  firm,  hard,  and  red.  At  this 
stage  the  dominant  feature  is  congestion  of  the  parenchyma,  which 
is  so  intense  at  certain  points  as  to  produce  small  hemorrhagic  foci. 
The  cellular  lesions  are  not  pronounced.  Siredey  noted  only  a 
multiplication  of  the  cells  of  the  Malpighian  corpuscles.  In  the 
second  stage — i.  e,,  from  the  twelfth  to  the  thirtieth  day — the  spleen 
in  some  cases  remains  firm  and  hard;  oftener  it  is  soft,  and  on  section 
it  presents  small  points  which  are  due  to  the  prominence  of  the 
corpuscles  of  Malpighi.  The  latter  contain,  as  normally,  lympho- 
C)1es.  This  variety  is  mixed,  however,  wth  numerous  mono- 
nuclear and  even  polynuclear  cells.  The  cells  of  the  pulp  are  tume- 
fied, voluminous,  and  generally  filled  with  the  detritus  of  red  and 
white  blood  corpuscles.  They  have  the  characters  of  mononuclears, 
^th  a  small  nucleus  situated  at  one  of  the  poles  of  the  cell.  Finally, 
the  pulp,  like  the  corpuscles,  contains  nodules  formed  of  necrosed 
cells. 

These  modifications,  some  of  which  represent  reactions  and  others 
lesions  of  the  organs,  are  not  peculiar  to  typhoid  fever;  they  are 
encountered,  in  various  degrees,  in  the  most  varied  infections,  even 
^  those  which  remain  local. ^ 

Among  the  infections  which  most  frequently  give  rise  to  hyper- 
trophy of  the  spleen  we  may  cite  t3^^hus  fever,  acute  tuberculosis, 
*Dd  the  eruptive  fevers,  notably  scarlatina. 

Special  mention  is  due  to  variola.     Since  the  rosearclies  of  Golgi 

^(1  of  Ponfick  it  is  generally  admitted  that  the  appearance  of  the 

wn  Ls  not  the  same  in  the  suppurating  and  the  hemorrhagic  typc^s 

0^  this  infection.    The  organ  is  said  to  be  hypertrophied  in  the 

former,  while  in  the  latter  it  is  beHeved  to  be  small,  hard,  and  black. 

The  examinations,  however,  made  by  Dr.  Weil  and  myself  during 

the  last  epidemic  render  this  conclusion  inadmissible.     The  hy])er- 

trophy  of  the  spleen  is  related  not  to  the  clinical  type,  but  to  the 

inteasity  of  reaction.     For  this  reason  it  is  more  frocjuent  in  the 

suppurating  type.     Thus  in  sixteen  fatal  cases  of  confluent  variola 

the  spleen  was  hypertrophied  sixteen  times.     In  twelve  cases  of 

*  Bezan^on.    Contribution  k  T^tude  de  la  rate  dans  \qh  maladies  infect ieuses.    Th^so 
ie  Paris,  1805. 
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hemorrhagic  variola  it  was  hypertrophied  but  four  times.    In  noi* 
of  the  latter  series,  however,  have  we  found  any  peculiar  appearanoC' 
Contrary  to  Golgi's  opinion,  histological  examination  revealed  n^ 
fundamental  differences.   T\Tiat  is  truly  characteristic  of  hemorrha^^ 
variola  is  the  presence  of  nucleated  red  globules.    In  brief,  tb^ 
modifications  undergone  by  the  cells  of  the  spleen  are  similar  to 
those  observed  in  the  other  hematopoietic  organs,  notably  in  the 
bone-marrow.    Under  the  influence  of  variola  the  spleen  is  thufl 
found  to  contain  cellular  elements  which  exist  there  only  duriag 
fetal  life  and  which  seemed  to  have  disappeared  forever  shortly 
after  birth.    Infection  has  revived  a  past  state. 

Gerhardt  has  shown  hypertrophy  of  the  spleen  to  be  of  frequetE* 
occurrence  in  pneumonia.  The  same  may  be  observed  in  erysipelaSj 
which  resembles  pneumonia  in  certain  features  of  its  evolutioKm- 
Finally,  the  spleen  is  small  in  the  algid  period  of  cholera ;  it  becom^^ 
voluminous  if  typhoid  manifestations  supervene. 

Chronic  infections  do  not  spare  this  gland.    It  will  suffice  to 
to  what  occurs  in  syphiUs  during  the  secondary  period,  and  mo: 
especially  in  malaria. 

It  is  well  to  note  that  in  all  the  organs  and  tissues  in  which  pi. 
ment  is  encountered  the  latter  is  foimd  in  the  vessels.  In  the  splee?^ 
and  bone-marrow,  however,  the  pigment  occupies  the  cells.  It  ^^ 
in  these  localities  that  it  seems  to  take  its  origin  at  the  expense  *"^* 


red  blood  globules  altered  and  destroyed  by  the  hematozoa  ^^^^ 


malaria.^     In  this  connection  recurrent  fever  deserves  special  mei 
tion.     During  the  periods  of  apyrexia  the  spirilla  accumulate  in  th^^^ 
sj^leon,  wliile  the  other  viscera  are  free  from  them.     Metchniko^^ 
and  Soudakewitch,^  who  pursued  i-esearches  on  monkeys,  have  seen 
the  parasites  devoured  by  the  macrophages  of  the  spleen.    This  is 
a  higlily  remarkable  example  of  phagocytosis.    This  result  seems 
to  be  confirnied  by  the  experiments  of  Soudakewdtch,  who  learned 
that  monkeys  deprived  of  their  spleens,  unlike  normal  monkeys, 
succumbed  to  inoculation  of  the  spirilla.    This  has  been  contradicted 
by  Tiktine,  who  repeated  the  experiments  and  denies  all  influence  to 
splenectomy.     He  thinks  that  the  different  results  obtained  by  the 
former  experimenter  are  due  to  the  fact  that  he  operated  in  winter, 
when  the  slightest  lesion  is  sufficient  to  cause  death  to  monkeys. 

*  Kelsch  and  Kiencr.    Traits*  des  maladies  des  pays  chauds.    Paris,  1889. 
'  Soudakewitch.    Recherches  sur  la  fidvre  rdcurrente.    Annales  de  Tlnstitut  Pasteur, 
1891,  p.  515. 
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The  highly  interesting  work  of  Courmont  and  Duffau^  teaches  ns 
that  the  resistance  of  animals  varies  considerably  according  to  the 
microbe  employed  and  the  time  elapsed  since  the  extirpation  of  the 
spleen.  If  the  pyogenic  staphylococcus  is  employed  the  extirpation 
first  diminishes  the  resistance  of  the  animals — rabbits,  dogs,  etc. ; 
subsequently  it  increases  it.  With  the  streptococcus  the  results 
are  diametrically  opposed  to  the  former:  animals  in  which  the  spleen 
had  been  extirpated  two  to  eight  days  proved  more  resistant  than 
the  controls;  on  the  contrary,  those  which  were  operated  upon 
twenty-seven  to  forty-eight  days  after  splenectomy  proved  to  be 
more  susceptible.  Lastly,  with  the  bacillus  pyocyaneus  the  animals 
operated  upon  succumbed  more  rapidly  whatever  the  date  of  opera- 
tion. These  experimental  facts  indicate  once  more  the  danger  of 
harty  generalizations  and  explain  a  certain  number  of  contradictory 
results. 

Sole  of  the  Spleen  in  the  Production  of  Germicidal  Substances. 
In  order  to  explain  the  action  of  the  spleen  upon  microbes  the 
modifications  in  phagocytosis  were  first  invoked.  Such  was  the 
opinion  of  Gamaleia.  The  same  view  was  held  by  Bardach.  As  is 
known,  the  latter  author  contends  that  extirpation  of  the  spleen 
lessens  the  resistance  of  animals  by  suppressing  an  important  centre 
of  microbic  destruction.  He  finds  confirmation  of  his  ideas  in  the 
following  experiment :  He  injected  charcoal  powder  into  the  veins 
of  four  dogs.  Two  days  later  he  inoculated  the  animals  with  1  c.cm. 
of  an  anthrax  culture;  all  the  dogs  succumbed,  and  microscopic 
examination  demonstrated  that  the  cells  of  the  spleen,  liver,  and 
l>one-marrow  were  crowded  with  charcoal  particles,  and  therefore 
^ere  absolutely  incapable  of  ingesting  the  microbes. 

At  the  time  these  first  researches  were  published  the  protective 
action  of  the  blood  senun  was  scarcely  recognized.    Since  innumer- 
able investigations  demonstrated  beyond  doubt  the  importance  of 
germicidal  properties  of  the  fluids  of  the  organism,  the  question 
concerning  the  spleen  has  been  taken  up.    The  researches  of  Hankin^ 
proved  the  presence  in  the  spleen  of  a  strongly  germicidal  globulin. 
Ifontuori  next  undertook  this  new  problem,^  and  reported  highly 

*  Counnont  and  Duflfau.     Du  r61e  de  la  rate  dans  les  infections.     Arcliives  do  in<^d. 
expSrim.,  1898,  p.  431. 

'   Hankin.    A  bacteria-killing  globuline.    Proc.  Roy.  Soc,  London,  xlviii.  p.  93. 

*  Montuori.    Influenza  dell  ablazione  della  mitza  sur  poterc  microbicida  del  .*<anKue. 
L*  Rifonna  med.,  1893,  i.  p.  472  and  485. 
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interesting  facts  which  throw  light  on  many  obscure  points, 
experiments  demonstrated  the  hematopoietic  function  of  the  spk 
This  gland  may,  however,  be  supplemented  by  other  organs, 
a  few  months  after  extirpation  of  the  spleen,  the  blood  regains  i' 
germicidal  power.  Montuori  completed  his  experiments  by  investi- 
gating the  chemical  modifications  which  occur  in  the  blood  of  animaj 
with  extirpated  spleens.  He  recognized  that  the  bactericidal 
of  the  normal  blood  is  due,  as  was  shown  by  Ogata,  to  a  true  fermen"fc- 
This  ferment,  which  is  very  abundant  in  the  blood  of  the  spleen,  ub 
absent  from  the  blood  which  has  lost  its  germicidal  power  as  a  resulrC 
of  splenectomy. 

WTiile  animals  deprived  of  the  spleen  are  more  sensitive  to  certaLn 
viruses,  they  become  more  resistant  to  others.    In  the  latter  case 
the  germicidal  power  of  the  blood  increases  and  acquires  the  property 
of  depriving  microbes  of  their  virulence.     By  making  comparativ^e 
cultures  of  the  staphylococcus  in  the  blood  of  normal  animals  aaci 
others  without  spleens  Courmont  and  Duffau  established  that  the 
microbe  develops  better  and  becomes  exalted  in  the  serum  of  those 
animals  in  which  the  spleens  were  extirpated.    With  the  strepto- 
coccus the  results  were  reversed;  the  microbe  was  attenuated.   On 
the  other  hand,  Blumreich  and  Jacoby  foimd  that  the  serum  of     \ 
splenectomized  animals  diminished  the  virulence  of  pyocyaneiis     I 
diphtheria  and  cholera  bacilU,  and  this  power  of  the  blood  accounts 
for  the  increased  resistance  observed  when  splenectomized  animals 
are  inoculated.     It  is  to  be  noted,  however,  that  the  chemical  modi- 
fications of  the  fluids  are  not  the  only  factors  to  be  taken  into  account; 
the  authors  attribute  an  important  influence  to  the  increased  leuco- 
cytosis  which  coincidently  takes  place. 

The  Lymphatic  Glands  in  Infections. 

Tlie  lymphatic  system  is  provided  with  numerous  protective 
organs,  close  follicles,  and  ganglia,  which  seem  to  play  a  double  r61e: 
to  arrest,  retain,  and  modify  the  figurate  elements  and  soluble 
products  brought  to  them  by  the  lymphatic  capillaries;  to  pour  into 
the  blood  cells  and  soluble  products  useful  for  the  organism.  In 
order  to  fulfil  their  functions  the  follicles  and  ganglia  are  arranged 
in  chains,  and  are  most  numerously  supplied  to  those  regions  most 
liable  to  microbic  invasions.  They  are  relatively  less  numerous  at 
the  root  of  the  limits,  es])ecially  of  the  upper  extremities.  Their 
number  in  the  lower  extremities  is  particularly  multiplied  with  a 
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view  to  protect  the  economy  against  the  bacteria  coming  by  way 
of  the  external  genital  organs  and  margin  of  the  anus.  Likewise, 
the  follicles  at  the  base  of  the  tongue,  pharynx,  and  tonsils  form  a 
lymphatic  ring  with  the  function  of  combating  the  bacteria  of  the 
mouth  and  throat.  Less  abundant  in  the  esophagus  and  the 
stomach,  the  lymphoid  organs  are  distributed  with  great  profusion 
throughout  the  intestine,  where  they  constitute  the  soUtary  follicles 
and  Pej'er's  patches.  In  the  appendix,  which  is  most  liable  to 
attack  of  infectious  agents,  the  IjTiiphoid  system  is  most  richly 
dewloped,  forming  a  veritable  glandular  mass  which  has  justly  been 
compared  to  the  tonsil. 

Beyond  this  first  line  of  defense  are  situated  the  glands,  which 
fppresent  as  many  fortresses  ranged  one  behind  the  other.  It  is 
interesting  to  note  that  their  number  is  in  proportion  to  the  danger 
of  infection  in  each  region. 

The  multiplication  of  the  ganglia  aroimd  the  bronchi,  at  the  root 
of  the  lungs,  and  especially  in  the  mesentery,  is  particularly  notable. 
In  a  great  number  of  circumstances  bacteria  of  all  kinds  may  pass 
through  the  skin  and  particularly  the  mucous  membranes.     They 
^  arrested  by  the  ganglia,  in  which  they  sojourn  without  giving 
nsetoany  reaction  or  disturbance.     Loomis  and  Pizzini  discovered 
tubercle  bacilli  in  the  tracheobronchial  and  mesenteric  glands  of 
apparently  normal  individuals.     Manfredi  and  Perez^  examined  the 
lymphatic  glands  in  eighty-five  animals  and  detected  bacteria  in 
seventy-five  of  them.    The  same  researches  made  upon  three  human 
cadavers  gave  positive  results  in  each  case.     The  subcutaneous 
glands  are  thase  most  commonly  infected ;  next,  the  tracheobronchial 
glands,  while  the  mesenteric  glands  are  generally  sterile.     Among 
the  species  most  frequently  met  with  are  various  sarcinae,  the  staphy- 
lococcus aureus  or  albus,  the  mesenteric    bacillus,  a  pseudotyphoid 
bacillus,  etc. 

Tlie  microbes  enclosed  in  the  lymphatic  glands  undergo  notable 
dterations.  Manfredi  demonstrated  that  they  gradually  lose  their 
TTulence  and  are  finally  destroyed  through  a  peculiar  procedure 
rhich  seems  to  be  different  from  the  means  employed  in  other  parts 
f  the  organism,  but  which  is  not  yet  well  understood.  These  modi- 
cations  are  slowly  effected.  Not  infrequently,  therefore,  the  germs 
lay  persist  for  a  long  period  of  time,  this  period  varying  with  the 

*    Perez.    Modo  di  comportarsi  del  sistema  ganglionarc  linfatico  rispetto  ai  mioroor- 
uiisnii.    Labor!  di  Laboratorio,  publicati  dal  L.  Manfredi,  Palermo,  1897,  vol.  iii. 
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microbe  and  the  animal  employed  in  the  experiment.     For  instance, 
the  staphylococcus  am'eus  survives  forty  dajrs  in  the  guinea-pig  and 
thirty  days  in  the  dog.    It  is  interesting  to  note  that  ail  other  parte 
of  the  organism  no  longer  contain  any  microbes,  while  some  are  stiD 
present  in  the  lymphatic  glands.    Tliis  persistence  of  germs  explaiw 
certain  relapses,  notably  those  of  erysipelas.    I  believe  the  same 
fact  accounts  for  the  morbid  incidents  occurring  during  convales- 
cence from  scarlatina.    The  anginous  lesions  which  characteriie 
the  onset  of  this  infection  permit  the  penetration  of  the  buccal 
streptococcus  into  the  lymphatic  network ;  the  cervical  glands  are 
congested.    Later,  at  the  moment  of  convalescence,  a  new  infection 
of  gangUonic  origin  may  occur;  then  the  patient  has  fever  and 
complains  of  painful  adenopathia.    In  some  cases  the  gangUonic 
infection  remains  uncomplicated;  in  other  instances  it  is  folloTi-ed 
by  more  or  less  serious  events,  and  notably  an  attack  of  nephritis. 

The  lymphatic  glands,  like  all  the  dependencies  of  the  lymphatic 
sj'stem,  are  especially  developed  during  childhood.     In  fact,  it  is    , 
at  this  period  of  life  that  the  danger  of  infection  is  greatest.   The    ! 
lymphatic  system  is,  therefore,  most  vigilant  and  enjoys  its  greatest 
functional  energy.    The  slightest  lesion  causes  ganglionic  congestion. 
AMien  an  agent  is  highly  pathogenic  it  freely  traverses  the  lymphatic 
system  and  produces  a  general  infection  without  the  development 
of  any  adenopathy.     The  latter  manifestation  is  like\Nise  wanting 
or  remains  unnoticed  when  the  agent  is  but  slightly  ^drulent.    It  i-^ 
in  infections  of  medium  intensity,  therefore,  that  the  ganglionic 
phenomena  mast  be  studied.    The  development  of  adenopathies 
dejx^nds  upon  two  factors:  the  nature  of  the  pathogenic  agent  and 
the  state  of  the  individual.    With  indi\aduals  whose  organisms  are 
incapable  of  energetic  reaction,  adenopathy  is  Uttle  marked:  it  is 
insuthciont.     In  the  contrary  case,  especially  in  children,  it  is  too 
energetic  and  expressed  by  lesions  which  sur\4ve  the  cause,  and  may 
give  rise  to  numerous  incidents  during  and  after  the  infectious 
process:  such,  for  instance,  is  the  case  in  tracheobronchial  adenop- 
athies compressing  the  respiratory  passages  and  the  nerves  of  th( 
neiixhborhoods. 

Histological  Study.  The  presence  of  bacteria  causes  in  th 
lymphatic  glands  modifications  well  studied  by  Drs.  Bezangon  ani 
LablH\  who  have  made  numerous  experiments  on  this  subject 
The  etTects  vary  according  to  the  actiWty  of  toxins.  If  the  latte 
an^  of  medium  energy,  reactionary  phenomena  are  produced.     1 
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they  are  extremely  energetic,  necrosis  occurs,  at  times  with  astonish- 
ing rapidity.    In  fifty  minutes  the  diphtheritic  toxin  gives  rise  to 
cellular  degenerations  and  fibrinoid  exudates.    If  a  little  serum  be 
injected  at  the  same  time  or  twenty-four  hours  previously,  reaction- 
ary phenomena  appear  (Bezangon  and  Labbe). 

Tlie  reactionary  phenomena  are  grouped  under  three  di\dsions : 
congestion,  proliferation  of  the  fixed  cells,  and  arrival  of  polynuclear 
cells. 

Congestion  is  at  times  so  intense  as  to  provoke  hemorrhage.    Such 
is  the  case,  particularly,  in  pneumonia,  anthrax,  and  diphtheria. 
The  fixed  and  endothelial  cells  soon  become  swollen  and  form  macro- 
phages, which  mingle  with  the  leucocytes,  while  the  lymphocytes 
continue  to  multiply  in  the  follicles  by  karyokinesis.    At  the  same 
time  the  poljiiuclear  cells  arrive.    It  is  known  that  the  gland  con- 
tauis  normally  no  other  than  polynuclear  cells  and  lymphocytes. 
The  pol)Tiuclears  arrive  through  the  afferent  lymphatics  vessel  and 
the  bloodvessels — i,  e.,  the  capillaries.    This  leucocytosis  occurs 
^y;  it  appears  three-quarters  of  an  hour  after  bacterial  inoculation, 
then  it  increases  progressively,  to  again  decline  toward  the  eighteenth 
hour.   These   modifications  are  especially  marked  in   the  glands 
corresponding  to  the  invaded  point,  but  also  occur  with  the  same 
characters  in  distant  glands,  only  with  less  intensity. 

Beside  these  defensive  reactions  we  must  note  the  necrotic  process. 
Tlie  cells  undergo  hyaUne  degeneration,  especially  in  slow  cases. 
Ue  dilated  lymphatic  channels  are  filled  with  pale,  large  cells  with 
*  vitreous  protoplasm  and  a  colorless  nucleus.  The  polynuclear 
leucocytes  that  have  migrated  into  the  glands  are  also  involved, 
though  in  a  different  manner;  their  nucleus  is  fragmented  and  re- 
duced to  fine  granules.  The  follicular  system,  the  most  resisting 
part,  also  finally  undergoes  degeneration,  notably  in  diphtheria, 
/^ly,  the  bloodvessels  undergo  arteritis  and  hyaline  degeneration, 
and  their  lumina  ma}^  become  obliterated  by  thrombosis. 

The  inflamed  gland  may  gradually  recover  its  normal  condition  or 
remab  enlarged.  In  the  latter  case  it  occasionally  assumes  the 
appearance  of  a  tubercular  lesion,  but  seems  to  be  due  to  the  p(»rsist- 
cnce  of  pyogenic  cocci.  In  other  instances  the  process  proceeds  to 
suppuration.  All  parts  of  the  gland  are  not  invaded  simultaneously ; 
the  follicular  system  resists  for  a  long  time. 

Finally,  the  diseased  cells  may  not  be  rei)lace(i,  and  then  the 
inflanmiatory  lesion  terminates  in  sclerosis. 

25 
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Adenopathies  in  Variola.  We  cannot  review  all  the  infections 
which  affect  the  lymphatic  glands.  We  must,  however,  direct  the 
attention  of  the  reader  to  variola,  which,  from  the  standpoint  undff 
consideration,  is  extremely  important,  and  which  has  hitherto  been 
overlooked.  The  only  work  on  this  subject  is  Lelandxis'  thesis, 
inspired  by  Empis.  The  frequency  of  gangUonic  hypertrophy  in 
variola  has  been  pointed  out  by  this  author,  who  considers  it  an 
element  of  favorable  prognosis. 

The  investigations  which  were  pursued  with  Dr.  Weil  during  the 
late  variola  epidemic  in  Paris  showed  us  that  enlargement  of  the 
lymphatic  glands  is  subject  to  the  same  rules  as  hypertrophy  of  the 
spleen.  It  is  very  marked  in  pustular  types  of  smallpox,  veiy 
slight  or  nil  in  hemorrhagic  types.  The  enlarged  glands  are  gener- 
ally painless,  and  hypertrophy  is  apparent  from  the  beginning  of 
the  disease,  increases  during  the  period  of  eruption,  persists  during 
suppuration,  and  then  decUnes  and  disappears.  The  axillary  and 
inguinal  groups  are  most  frequently  involved,  although  the  topog- 
raphy of  the  exanthema  does  not  explain  this  localization. 

The  histological  features  peculiar  to  variolar  adenopathy  are  the 
presence  in  the  lymphatic  vessels  and  aroimd  the  follicles  of  cellular 
forms  similar  to  those  found  in  the  bone-marrow,  notably  neutrophific 
myelocytes,  a  few  basophiUc  myelocytes,  and,  in  some  instances, 
eosinophilic  myelocytes.    Finally,  a  few  giant  cells,  and,  in  hemor- 
rhagic  types,  nucleated  red  corpuscles  may  also  be  encounterei 
This  peculiar  evolution  (which  had  hitherto  been  observed  only  in 
leukemia)  may  extend  to  the  cellular  tissue  surrounding  the  glands. 
In  sections  its  appearance  is  similar  to  that  of  the  bone-marrow. 
The  latter  fact  further  emphasizes  the  analog}''  of  the  process  to 
that  which  occurs  in  leukemia.     It  may,  therefore,  be  assumed  that 
the  cellular  tissue  itself  acquires  a  cj'togenetic  activity,  and  that, 
like  the  s[)leen,  the  glands,  and  the  bone-marrow,  it  produces  vari- 
ous leucocytes.    Tliis  j^rocess  has  not  thus  far  been  observed  in  any 
other  infection  than  variola.     It  would  be  interesting  to  take  up  the 
question  from  a  general  standpoint  and  investigate  the  state  of  the 
connective  tissue  in  all  infections.     I  am  convinced  that  very  pro- 
nounced modifications  will  be  observed. 

Syphilitic  and  Tubercular  Adenopathies.  Clironic  infections 
often  give  rise  to  ganglionic  lesions.  Syphilis  is  a  familiar  illustra- 
tion. The  chancre  produces  enlargement  in  a  group  of  lymphatic 
glands  among  which  one  becomes  remarkable  for  its  size.    This 
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adenopathy  is  lacking  only  in  exceptional  and  generally  very  grave 
cases.  During  the  secondary  period  multiple  adenopathies  occur 
and  are  of  considerable  semiological  importance.  They  often  coin- 
cide with  hypertrophy  of  other  parts  of  the  lymphatic  system, 
especially  in  women,  whose  tonsils  and  spleens  become  Ukewise 
enlarged.  During  the  tertiary  period  germs  may  be  found  in  them, 
these  germs  presenting  no  particular  character  of  evolution. 

Tubercular  adenopathies  may  be  generalized.  This  condition  is 
mainly  observed  in  young  children.  Micropolyadenitis  is  strongly 
suggestive  of  tuberculosis  and  more  readily  detected  than  hyper- 
trophic conditions  of  the  liver  and  spleen.  This  peculiar  evolution 
is  comparable  to  what  is  observed  in  laboratories.  Tuberculosis 
caused  by  inoculation  into  guinea-pigs  behaves  in  exactly  the  same 
manner.  It  is  first  expressed  by  tumefaction  of  the  glands  corre- 
sponding to  the  infected  point,  and  then  all  the  glands  of  the  economy 
are  gradually  involved,  and  finally  the  abdominal  viscera.  In  some 
cases  the  thoracic  organs  also  are  affected.  The  lymi)hatic  system 
is  thus  seen  to  be  well  designed  to  arrest  the  course  of  invading 
bacteria,  although  in  some  rare  instances  it  may  aid  in  their  spread, 
as  is  shown  by  the  investigations  of  Ponfick  on  the  thoracic  duct. 

It  is  interesting  to  remark  that  actinomycosis,  a  disease  so  closely 
^ed  to  tuberculosis,  does  not  affect  the  lymphatic  glands. 

Bunoral  Modifications  of  Lymphatic  Origin.     It  is  not  merely  by 
phagoc)tic  action  that  the  lymphatic  glands  protect  the  system. 
It  seems  to  be  demonstrated  that  these  small  organs  secrete  germi- 
cidal and  antitoxic  substances.    The  investigations  of  Pfeiffer  and 
3Iarx  show  that,  dimng  the  immunization  of  animals,  these  glands 
produce  antitoxins  which  are  carried  into  the  circulation.     It  is  con- 
ceivable that  the  glands  of  infected  or  vaccinated  animals  may  be 
utilized  in  the  treatment  of  certain  diseases.   Manfredi  has  made  some 
attempts  in  this  direction  and  found  that  the  ganglionic  juice  of  tuber- 
culous goats  hindered  the  development  of  this  disease  in  guinea-i)igs. 

The  Thymus  in  Infection. 

Anatomical  and  Physiological  Considerations.  In  its  histo- 
logical structure  the  thymus  resembles  the  lymphatic  glands.  It 
differs  from  them  in  its  embryogenic  origin.*    The  thymus  has  at 

*  Chika.  Etude  sur  le  th3rxnus.  Th6se  de  Paris,  July,  1901.  This  is  a  very  complete 
monograph  containing  a  great  number  of  histological  and  exi^eninental  researches  pur- 
ffued  in  our  laboratory. 


lyPECTIOUS  DISEASES. 

first  an  epithelial  structure ;  latx?r  it  assumes  n  lymphoid  cliwa-^^ 
as  a  result  of  direct  transformation  of  the  primary  elemente.  "' 
found  this  transformation  completed  in  a  fetus  of  three  maatt^ 
III  the  fetus  of  six  months  ap])ear  peculiar  formations — the  eorpusclw 
of  Hassall — the  aspect  of  which  is  absolutely  characteristic.  From 
the  aixth  month  onward  and  until  the  period  when  regjiissioD  sets 
in  the  thymus  undergoes  no  appreciable  modification  in  stiucture- 
Tlie  cells  contained  in  the  fibrillary  network  are  mostly  lymphocvW^i 
besides  these  there  are  also  some  neutrophilic  and  fewer  eosinopliiHt 
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polynuclears,  nou-granular  mononuclears,  mastzellen,  granular  mono- 
nuclears or  eosinophile,  basophile,  or  neutrophile  myelocj-t<-s,  rwttly 
giant  cells,  and  elements  resembling  nucleated  red  globules.  Finallv, 
there  are  ako  epitlielioid  cells  and  large  cells  with  vesicular  nucleus. 
Hassall's  corpuscles  have  an  extremely  variable  ajjijearaiice.  Thev 
are  occasionally  formed  by  a  single  enormous  coll;  the  ehroumiin 
of  the  nucleus  presents  the  most  varied  figures. 
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The  thymus  growls  smaller  \vith  age.     It  is  soon  invaded  by  a 

profuse  eellulo-ailiix)se  mass,  but  does  not  completely  disappear. 

Tie  corpuscles  persist  for  a  long  time,  but  disappear  in  the  very  aged. 

In  animals  this  gland  presents  a  structure  very  nmch  similar  to 

the  human.    Tlie  same  cellular  forms  are  found ;  the  only  essential 

"     difference  is  in  the  number  and  appearance  of  Hassall's  corpuscles. 

Z     In  the  rabbit,  guinea-pig,  and  rat  these  corpuscles  are  extremely 

r     rare,  and  are  composed  mostly  of  a  single  large  cell.    The  cat,  on 

P     the  contrary,  has  very  clear  corpascles,  and  while  it  is  always  easy  to 

\     differentiate  in  sections  a  thymus  of  a  child  from  that  of  a  rabbit, 

■a 

guinea-pig,  or  rat,  it  is  almost  impossible  to  distinguish  the  human 
thymus  from  that  of  a  cat.  In  frogs  and  hibernating  animals  the 
thymus  is  voluminous  in  the  summer  and  small  in  winter.  Path- 
ology teaches  us  that  this  gland,  which  is  highly  developed  in  wtU- 
wrarished  children,  atrophies  in  feeble  or  cachectic  children.  Is  the 
atrophy  the  cause  or  the  effect  of  the  nutritional  disorders? 

To  solve  this  problem  experimentation  should  be  resorted  to.    A 
great  many  times,  therefore,  the  gland  has  been  extirpated.    On 
the  other  hand,  attempts  have  been  made  to  ascertain  the  effects  of 
injection,  ingestion,  and  inoculation  of  extracts  of  this  gland.    Witli- 
out  wishing  to  dwell  upon  the  details  of  the  ex])eriments  related  in 
the  thesis  of  Dr.  Ghika,  we  believe  that  facts  warrant  us  in  con- 
cluding that  the  thymus  plays  an  important  part  in  nutrition.     In 
f     order  to  obtain  clear  evidence  very  young  animals  must  l^e  ojKTatod 
upon.    Our  best  experiment  w^as  made  upon  a  cat  fifte(»n  days  old. 
The  extirpation  of  the  thymus  was  c()mi)let(^    The  animal,  which 
weighed  485  grams,  increased  in  weight  to  635  grams  in  twenty- 
two  da}'s.    An  animal  of  the  same  litter,  kei)t  as  control,  weighed 
then  890  grams.     From   this  moment  onward   the  oix^ated  on(» 
began  to  lose  flesh.    At  the  end  of  thirty-five  days  it  succumbed 
in  a  state  of  profound  cachexia.     It  then  wc^ighed  430  grams,  55 
gram?  less  than  at  the  beginning  of  the  exi>(,»riment,  whil(»  the  weight 
of  the  control  reached  1090  grams. 

Among  the  sjTnptoms  observed  in  animals  in  which  the  thymus 
i<  extirpated  we  may  mention,  besides  emaciation,  arrest  of  growth, 
anomalies  of  the  skeleton,  especially  costal  deformities,  trembhng, 
stupor,  weakness,  and,  in  some  cases,  paralysis.  These  various 
manifestations  may  be  slight  or  absent  iis  the  result  of  supi)lem(»ntal 
acti\ity  on  the  part  of  other  hematopoietic  organs,  at  least  in  certain 
cases.    At  the  necropsy  of  the  animals  experimented  on  we  found 
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the  bone-marrow  red  and  proliferated;  histological  examination 
demonstrated  its  vicarious  activity.  i 

Besides  being  a  gland  with  an  internal  secretion  the  thymus  ha* 
an  important  cytopoietic  function.  Its  structure,  being  similar  to 
that  of  all  adenoid  tissues,  leads  to  the  conclusion  that  it  {onns 
white  blood  corpuscles.  The  experiments  pursued  on  this  question 
have  not  given  very  clear  results,  probably  because  other  hemato- 
poietic organs  rapidly  come  into  play  and  prevent  the  development 
of  manifestations. 

Histological  Modifications  of  the  Thymus  in  Infections.  Tk 
histological  study  of  the  thymus  leads  to  clearer  conclusions.  In  a 
great  variety  of  physiological  or  pathological  circumstances  cellular 
proliferations  entirely  comparable  to  those  occurring  in  the  bow- 
marrow  are  observed. 

Cellular  proliferation  takes  place  in  inanition,  intoxications,  and 
infections.  We  have  been  able  to  study  these  in  animals  intoxicated 
by  phosphorus  or  carbonic  oxide  as  well  as  in  those  inoculated  with 
the  most  varied  microbes  or  poisoned  by  the  toxin  of  dijAtberii 
We  have  found  the  same  modifications  in  the  thymus  glands  of 
children  dead  from  variola,  measles,  erysipelas,  whooping-cough, 
syphilis,  and  tuberculosis. 

This  studv  of  modifications  of  the  thvmus  in  infections  is  entirely 
new.^  Th(^  onlv  information  found  in  authoritative  works  consists 
of  a  few  macroscopic  examinations.  From  these  it  might  be  inferred 
that  the  thvmus  does  not  react  in  infections  or  that  it  occasionally 
undergoes  partial  degenerations.  This  opinion  does  not  seem  to  us 
aeeei)table.  TIk^  thynms  is  constantly  modified  in  the  course  of 
various  infcH'tious  processes.  It  may  ])e  seen  with  the  naked  ^y^ 
that  the  gland  is  enlarged,  red,  and  congested.     It  may  even  be  the 

• 

seat  of  hemorrhages.     In  other  instances  it  may  be  pale  and  anen^<^- 
Tender  the  mieroseope  modifications  in  the  fibrillary  network,  vesj^ls, 
cells,  and  Hassall's  corpuscles  can  l)e  seen.     Tlie  fibrillary  substance 
is  (nily  slightly  affected,  at  least  when  the  process  is  acute,   b 
some  cases  it  l)ec()mes  thickened.     The  bloodvessels  are  congested, 
and  their  walls  are  oft(»n  infiltrated  \\ith  yellow  cells.     At  certain 
points  thn^mlx )ses  and  hemorrhages  are  observed.     The  principal 
modifications  are  found  in  the  cellular  elements.     The  lymphocytes 

1  Roper  and  Ghika.  Ilocherches  sur  raniitomie  norraale  et  imthologique  du  thxinii! 
XI He  CoiiprAs  intern,  tie  medecinc,  .section  de  pathologic  gt^ni^rale,  p.  219.  Jounial  d 
phys.  etJ]>atljol.  jreneralc.  S<?pt.,  1900. 
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III  the  anaU  monouurlpars  always  form  the  funflaniental  part  of 
f  gland.  But  a  greater  number  of  large  mononuclears,  inter- 
cdiite  forms,  and  polvTieutrophiies  are  met  with.  The  poly- 
sioophiles  and  nucleated  red  globules  are  also  more  numerous. 
ireover,  there  appear  elements  which  are  either  absent  or  rare  in 
'Doniial  thymus — mastzellen,  myelocytes,  leucocytes  with  mixed 
loulations,  and,  in  animals,  pseudoeosinophiles.  There  are  also 
<iiinlered  two  special  varieties  of  non-granular  mononuclears. 
»  are   large  cells  measuring  from  15/^  to  20/i,  witli  volumin- 


•i^'^V'   ■■■' ■ 


BRCcntric  nucleus;  the  protoplasm  stains  strongly  with  thionin, 
itfsdntly,  if  at  all.  with  eosin.  The  others  are  equally  large  cells 
til  a  (lark  protoplasm  and  hardly  visible  nuclei.  The  former 
fnible  plasma  cell.*,  the  latter  the  irritation  cells  of  Tiirek. 
BpsiiW  these  functional  modificationi?,  lesions  also  occur.  The 
Is  may  undergo  granular,  vacuolar,  or  fatty  degeneration,  coagula- 
a  necrosis,  and  karj'olv'sis.  At  times  necrotic  foci  are  formed  i 
ich  all  the  elements  are  destroyed. 
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M\  infections  do  not  act  vrith  the  same  intensity,  but  all  doai 

Erysipelas  is  one  of  the  diseases  the  action  of  which  is  fl 

marked.    Tlie  thymus  is  remarkable  for  the  development  of  nd 

ous  granular  myelocytes. 

Histological  examination  of  a  certain  number  of  thymus  g 
alwaj^  reveals  the  existence  of  sclerotjc  lesions  in  some  {>f  thiffl 
Ghika  examined  sixty-four  glands,  and  found  sixteen  of  itifui 
sclerosed.     In  eleven  of  the  cases  the  lesions  were  very  pronouD 


The  snme  pifporation  as  in  the  preeecline  figupp,  more  liighly  magnifieil.  Very  li 
corpusfleB  of  Hassall.  conTiiQitig  cells,  celt  rragmetiU,  and  colloid  sutHionce.  Tbe  ' 
is  fgnned  of  epithelioid  ceile.  which  are  elearly  continued  on  the  riglil  side  wiih 
irabectilarcellB.  In  the  left  lower  comer  is  seen  a  Urge  eel]  composed  of  a  clear  tiur 
aod  rounded  proloplnam.  contsiniiig  Gne  eosinopliile  graniilBtioiiB  disposed  iu  vttu 
trip  drcles. 

These  sclerotic  lesions  of  the  thymus  are  occasionally  obser' 
in  children  dead  of  acute  diseases.  In  such  instances  it  is  qu 
certain  that  the  lesions  existed  previous  to  the  occurrenct-  of 
acute  malady.  They  sometimes  depenil  upon  involution  of 
gland.  \\Tien,  however,  the  lesions  are  found  in  young  cliildi 
they  must  be  attributed  to  sj-philis  or  some  antecedent  infectii 
to  bad  hygiene,  athrepsy,  or  some  hereditary  taint,    SyphilLs,  tub" 
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lulosis,  alcoholism,  and  defective  nutrition  of  the  parents  are  the 
iKKt  frequent  causes. 

Primary  Infection  of  the  Thymus.  Although  the  thynias  is 
almost  invariably  affected  in  the  course  of  infectious  diseases,  it  is 
seldom  the  seat  of  a  primary  affection.  There  are  but  few  facts 
on  reconl. 

W.  Wittich  has  reported  the  case  of  a  young  man,  aged  eighteen 
years,  who  was  suddenly  seized  with  dyspnea  and  retrosternal  pain, 
and  who  was  soon  attacked  by  hydrothorax  and  ascites.  He  suc- 
cumbed to  a  paroxysm  of  dyspnea.  The  autopsy  revealed  an  enor- 
mous thjTnus  filled  with  purulent  cavities.  The  pericardium  was 
healthy.  Demme  published  a  similar  case.  In  a  child  of  two  and 
a  half  months  was  found  a  purulent  transformation  of  the  thymus, 
which  was  manifested  during  life  by  a  red  and  painful  tumor  occu])y- 
ing  the  lower  part  of  the  neck.  Schlossmann,  Helm,  and  Biedert 
bve  recorded  cases  of  rapid  death  preceded  by  ))aroxysms  of  suffo- 
Jation  in  young  children.  The  necropsy  showed  a  voluminous, 
aflamed  thymus  (Biedert),  or  one  infiltrated  ^^^th  pus.  In  Scliloss- 
wmn's  case  bacteriological  examination  revealed  a  microbe  anal- 
Jgous  to  Fischer's  pyobacterium.  Demme  has  related  an  incon- 
testable case  of  primary  tuberculosis  of  the  thymus  in  a  little  girl. 
Syphilitic  gummata  and  sclerosis  may  develoi)  in  this  gland  as  well 
w  in  any  other  organ. 

The  Thjrroid  Gland  in  Infectious  Diseases. 

The  only  lesion  of  the  thyroid  that  has  been  described  in  infections 
^suppurative  thyroiditis.  This  involvement  is  so  rare  that,  if  it 
was  the  only  one  that  may  occur,  the  participation  of  this  gland  in 
'^'(^tiou?  processes  should  be  regarded  as  exc(^ptional.  Syst(Mnatic 
'^mination  of  the  thyroid  in  all  the  necropsies  which  we  made 
^ng  one  year  led  us  to  a  (Ufferent  opinion.  Far  from  being 
^uifferent  in  the  presence  of  inf(Ttion,  this  gland  always  reacts 
'*^re  or  less  energetically,  and  this  reaction  is  exi)ressed  by  histo- 
^^^l  modifications  which  we  have  studied  with  Dr.  Gamier.^  Let 
^  first  briefly  consider  certain  details  of  normal  histology. 

'wper  and  Gamier.  Infection  tliyroidienno  exp^Timontal«\  Soc.  <le  biol.,  Oct.  12. 
^-  Action  du  bacine  typhique  sur  la  glande  thyroido.  Ihid.  La  glando  thynjidc 
'^*  1«»  maladie.s  infectieiises.  Presse  m^dicale,  April  19,  1S90.  Il<?chcrches  exiM'ri- 
■ntalw  »ur  les  infections  thyroidiennes.     Ibid.,  August  9,  19(K). 
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Remarka  on  Normal  Histology-    Tlie  thyroid  apparatus  is  c- 
pased  ill  man,  a-?  in  other  mammalg,  of  two  distinct  parts — 
thyroid  gland  proper,  described  in  all  classical  treatises,  and 
parathyroids — small  glands  iliscovered  by  Sandstrom  in  18) 
physiolo^cal  importance  of  which  was  proved  by  Gley  in  1893 

The  structure  of  the  thjToid  is  not  the  same  in  the  adult  a 
children.     Defaucamberge  was  the  first  to  show  this  difTereiM 


w>-ffm. 


m'i 


Thyroid  glaiiil  in  chlUlrcii.    This  Bgure  and  l.he   [ollowing  three  an  ti 
work  wtucb  WE  publislipd  with  Dr.  Qaniipr  (La   glande    th^roide    dona   J(«   yiiif  " 
infectieoaes),  Presse  rafeiipale,  April  19.  1890. 

1889,  and  distinguished  two  types:  the  truly  glandular  type,  w^ 
is  found  in  the  child  and  is  more  or  less  marked  until  puberty, 
the  colloiil  type,  which  corresponds  to  the  normal  slate  i 
The  thjToid  gland  in  children  is  formed  of  distinct  lobules,  sepi 
from  each  other  by  connective  tissue.     (Fig,  29.)  _ 

This  tissue  enters  the  lobules  and  divides  them  into  smaller  dpp#J 
ments,  each  of  these  containing  two  or  three  vesicles.  The  connect'' 
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^       ^*itains  numerous  nuclei  and  an  abundant  liasement  sub- 
**nt».  ■       *^^  vesicle  is  lined  by  a  layer  of  lowly  organized  celts ;  the 

l^  ,      Occupied  by  colloid  matter. 
Conipu,^  l-bjToid  gland  of  the  adult  the  most  striking  feature  is  the 
•fcufld         absence  of  the  lobulated  structure.  (Fig.  30.)    The  not 
etw^J^*  connective  tissue  is  reduced  to  fine  trabecula-  running 
^    the  vesicles.    The  glandular  parenchyma  appears  to  be 


Thynnd  gUnd  of  t,  oormsi  adult. 

»TmG(|  simply  by  juxtaposition  of  closely  arranged  colloid  masses, 
^  Beparated  here  and  there  by  a  cellular  mass. 
w\«  parathyroids  are  small  organs  situated  in  the  neighborhood 
^^  uie  thjToid.  but  differing  from  it  in  origin  and  structure.  They 
*"*  ehipfly  met  with  near  the  point  at  which  the  th>Toid  arteries 
'^"W  the  gland.  Tliey  vary  iti  number  and  size.  They  do  not 
P^nt  the  vesicular  arrangement  or  the  colloid  substance  of  the 
fiyroid.    They  are  surromided  by  a  capsule  of  connective  tissue 
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covering  the  whole  gland  and  extending  into  its  interior  pai 
which  divide  it  into  irregular  departments.  The  meshefi 
formed  are  filled  with  rows  of  cubical  epithelial  cells  with  « 
stajned  nuclei  and  surrounded  by  a  profuse  granular  prolopla 
These  celb  are  pressed  one  against  the  other  and  exactly  i 
on  the  one  hand  to  the  connective  tissue  wall  and,  on  the  oti 
the  neighboring  row. 


1  liettd  frora  scBrUlinft.    C^iuiderBble  dilataliaa  of  4 

of  colloid  matter  surroundiiig  the  veaiclps. 


General  Cliaracters  of  the  Thyroid  in  Acute  Infections.    W 

exaniiiipil  with  tlie  naked  eye  tlif  gland  apjW'ars  enlarged.  ^^' 
normally  its  weigiit  is  about  25  grams  (1  ounce),  we  found  i1 
seven  ca.ses  to  reach  from  37  to  71  grams  (IJ  to  2^  ounces), 
color  is  changed  from  its  normal  hue — that  is,  yellowish — into  i 
sometime?  blue.  The  connective  tissue  is  only  slightly  niodJl 
and  usually  undergoes  no  pronounced  alteration.     At  times,  ht 
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CTcr.  wpfciaily  in  children,  it  seems  to  contain  a  greater  number  of 
BBcIei  lliun  normal.  The  presence  of  colloid  substance  out-side  the 
wsacles  ciianges  the  general  appearance  of  the  gland  and  may  lead 
to  the  belief  that  the  connective  tissue  is  hypertrophied.  (Fig.  31). 
"lis  colloid  substance  dilates  the  lyinpliatic  spaces  of  the  gland  and 
pfmlufes  a  more  or  less  complete  network,  the  meshes  of  which  are 
"^i  wiih  vesicles.  The  vessels  are  dilated.  There  is  sometimes 
Sffritisand  phlebitis.    Tlie  inflammation  of  the  vessels,  however. 


'^^TKiA  gUiul  or  an  adult  dead  from  Bcariatiua.     L"i< 

^'^•rlcasootncted  And  crowded  irith  cells;  the  tliytnili 

^,  ■  <">  dilalvd  vewples  at  the  border  ot  the  lot>ulc;  Hit 


'*'*^nts  nothing  particular.  The  vesicles  are  commonly  smaller 
^^toornial.  Their  composition  is  often  profoundly  modified;  some 
theru  no  longer  contain  any  colloid  sultstaiice.  and  their  centre  is 
^^upled  only  by  cells  in  course  of  degeneration.  In  many  cases 
J***^  protoplasm  of  several  cells  at  the  centre  of  the  vesicle  is  fused 
***  a  finely  granular  mass  in  the  midst  of  which  are  seen  degenerated 
*"iclei.  On  the  other  hanil,  some  vesicles  still  contain  a  certain 
■  •Jluntily  of  normal  colloid  substance  in  the  midst  of  desquamated 
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cells.  When  the  lesions  are  very  marked  (Fig.  32)  the  secretioD  ^ 
the  colloid  matter  seems  to  be  hindered  or  replaced  by  a  few  granft*" 
lations. 

We  have  histologically  examined  the  parathjrroids  in  three  case^ 
of  scarlatina  and  in  one  case  of  diphtheria.  Only  in  two  of  to 
cases  were  they  found  to  be  altered.  The  most  important  alteratiow 
were  observed  in  the  case  of  a  woman  who  died  from  scarktiiUL 
While  the  thyroid  had  deviated  but  Uttle  from  the  normal  type,  the 
glandules,  four  in  number,  presented  interesting  modifications.  Tie 
connective  meshes  were  half  empty;  the  cells  had  lost  the  arrange- 
ment in  regular  rows  and  were  found  in  ftiasses  at  the  centre  of  eadi 
mesh.  They  were  often  formed  by  granular  protoplasm  with  poorly 
marked  limits.  The  nucleus  stained  well.  These  lesions,  although 
diffuse  and  encoimtered  in  all  parts,  did  not  involve  the  entire 
gland;  on  the  contrary,  certain  portions  remained  perfectly  heaWij- 

In  a  case  of  diphtheria  the  same  appearance  was  found,  but  the 
lesions  were  more  discrete. 

It  is  well  to  remark  that  the  frequenc}'^  of  thyroideal  lesions  varies 
considerably  according  to  different  infections.  In  scarlatina  the 
thyroid  is  almost  constantly  the  seat  of  profound  alterations,  white  \ 
it  resists  far  better  in  measles.  In  the  case  of  a  woman  who  died 
from  confluent  variola  the  gland  was  the  seat  of  very  pronounced 
lesions.  It  w^as  hypertrophied  and  highly  congested;  small  paien- 
chymatous  hemorrhages  had  also  occurred. 

Mechanism  and  Significance  of  Thyroideal  Lesions,  lonf 
attributes  to  the  thyroid  gland  a  special  destructive  power  against 
bacteria.  This  action,  if  real,  cannot  be  considerable.  The  injec- 
tions made  through  the  carotid  vessels  are  at  least  as  effective  as 
intravenous.  On  the  other  hand,  rabbits  subjected  to  th)Toid- 
ectomv  resist  at  least  as  well  as  normal  rabbits.  Moreover,  under 
the  influence  of  infections  the  thyroid  is  not  spared;  it  presents 
the  same  alterations  as  the  other  parenchymatous  structures.  "^^ 
reason  the  lesions  in  the  thyroid  are  generally  less  pronounced  than 
those  in  the  liver  and  kidney  is  that  the  activity  of  the  thyroid  ^ 
slow  in  the  adult.  The  first  effect  of  infection  is  to  arouse  the  torpid 
secretory  activity ;  for  profounder  changes  to  be  effected  the  action 
of  the  toxic  product  must  be  intense  or  long  continued. 

^  Torrv.     La  tiroicle  nei  morbi   infettivi.     1\  policlinioo,   March   15,   April  15,  »od 
Mav  15.  1900. 
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In  this  connection  experiments  demonstrate  that  chronic  infec- 
tions give  rise  in  most  cases  to  interstitial  lesions;  intense  infections, 
even  when  of  short  dm*ation,  produce  chiefly  cellular  alterations. 
It  may,  therefore,  be  concluded  that  the  extent  and  depth  of  lesions 
depend  rather  upon  the  energy  than  upon  the  persistence  of  the 
morbid  processes.  This  law  of  general  pathology  is  clearly  demon- 
Btrated  by  experimental  facts  obtained  by  us.  By  injection  of 
microbes  into  the  thyroideal  arteries  we  have  been  able  to  produce 
all  degrees  of  visceral  inflammation.  By  varying  the  dose  or  the 
virulence  of  cultures  one  may  obtain  thyroiditis  with  interstitial 
predominance — i.  e.,  hemorrhagic  thyroiditis,  thyroiditis  with  active 
leucoc}'tic  reaction  and  sclerosis,  or  thyroiditis  with  parenchymatous 
predominance,  namely,  acute  necrosis  and  degeneration  of  the  cells, 
or  even  epithelial  proliferation  terminating  in  neoplastic  develop- 
ment. 

Ihese  experimental  data  are  interesting,  since  the  same  anatomico- 
pathological  types  may  occur  in  man.  Suppurative  thyroiditis, 
which  has  long  been  noted,  is  to-day  well  known;  it  develops  in 
the  decline  of  various  infectious  diseases.  Hemorrhagic  thyroiditis 
is  rare;  it  has  been  observed  in  variola  by  Liouville  and  ourselves. 
He  other  forms  may  be  encountered  in  acute  infections,  though 
they  never  present  the  intensity  observed  in  experimental  inflam- 
Wions.  Thyroideal  sclerosis  is  rather  an  incident  of  chronic  dis- 
■ases,  such  as  tuberculosis.  It  may,  however,  appear  in  the  course 
rf  the  most  varied  infections  when  these  are  more  or  less  prolonged. 
How  are  the  various  parenchymatous  modifications  of  the  thyroid 
^^  be  interpreted?  Experimental  pathology  enables  us  to  answer 
iis  question.  If  the  infected  thyroid  be  compared  to  glands  the 
^ivity  of  which  is  excited  by  pilocarpine  or  iodine,  the  phenomena 
^  found  to  be  practically  the  same.  Infection  arouses  the  gland- 
'^acti\ity,  which  is  expressed  by  increased  secretion.  This  is  the 
^  degree.  When  the  process  is  more  intense  the  colloid  matter 
offers  qualitative  modifications.  Unlike  what  occurs  in  animals 
^ated  vAXh.  pilocarpine  or  iodine,  it  undergoes  a  granular  trans- 
udation and  loses  its  normal  staining  capacity.  Thus  in  the  course 
infectious  diseases  more  or  less  marked  secretory  disorders  in  the 
i}Toid,  as  in  other  glands  of  the  economy,  occur.  After  a  period 
overactivity  a  diminution  or  an  alteration  of  functions  appears. 
!  the  liver  then  secretes  abnormal  pigments,  so  the  thyroid  forms 
atypical  and  pecuUar  colloid  substance. 
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Although  in  the  majority  of  cases  the  thjrroideal  lesions  are  slight 
and  admit  of  sufficient  reparation  to  permit  the  re-establishmeiit 
of  its  functions,  it  is  clear  that  such  may  not  always  be  the  ca«. 
Alterations  may  subsist  which,  at  the  end  of  a  variable  period  of 
time,  perhaps  several  years,  ha\'ing  evolved  on  their  own  account, 
may  be  expressed  by  functional  disturbances;  for  instance,  mjx- 
edema  and  exophthalmic  goitre    may  be  connected  with  some 
previous  infection. 

The  Suprarenal  Capsules  in  Infectious  Diseases. 

The  suprarenal  capsules  may  be  altered  in  the  course  of  the  mort 
varied  infections. 

Capsular  alterations  are  very  frequent  in  syphilis  (Virchow,  Lan- 
cereaux,  Chvostek)  and  especially  in  hereditary  syphilis.  Virchof 
and  Huber  noted  fatty  degeneration  in  them.  Boerensprung,  (MvR 
and  Ranvier  described  sclerosis  of  the  capsules. 

Since  the   classical   memoir   of    Addison,    tuberculosis   of  the 
suprarenal    capsules    has  been    described    a   great    many   times. 
There  may  also  be  cited  cases  in  which  the  capsular  lesions  seem 
to  have  played  the  principal  r61e  in  the  genesis  of  morbid  ph^ 
nomena.     In  two   patients  who   had  rapidly  died  with  typhoid 
symptoms  A^rchow  found  a  hemorrhagic  inflammation  in  the  supra- 
renal capsules. 

These  facts  indicate  the  interest  attaching  to  the  systematic  study 
of  the  suprarenal  capsules  in  infections.     In  their  memoir  on  diph- 
theria Roux  and  Yersin  state  that  the  suprarenal   capsule?  are 
intensely  congested  in  guinea-pigs  which  had  received  living  or  ster- 
ilized cultures  of  Loeffler's  bacillus.   Charrin  and  Langlois  made  anal- 
ogous statements  regarding  guinea-pigs  inoculated  with  pyocyaneus 
virus  and  noted  the  presence  of  small,  pigmentary  granulations  in 
the  interior  of  the  cells.    In  guinea-pigs  which  died  twenty-four  hours 
after  inoculation  with  Friedlaender's  bacillus  the  author  found^  the 
suprarenal  capsules  enlarged;  instead  of  the  fine  yellow  color  they 
presented  a  dark,  ecchymotic  hue.     In  some  instances  they  apj)ear 
totally  invaded  l)y  hemorrhages.     On  section  the  parenchyma  ap- 
pears transformed  simply  into  a  bloody  mass;  at  the  j^eriphery  of 
the  organ  only  some  intact  parts  are  at  times  encountered. 

'  Roger.    Los  lesions  (les  capsules  surr^nales  dans  les  maladies  infect ieuses.     La  jm^ss* 
m^'dioale,  February  3.  1894. 
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Oppenheim  and  Loper  studied^  the  suprarenal  capsules  of  fifty- 
ftree  men  who  had  died  from  the  most  varied  infections.  They 
eoDstantly  found  lesions,  dilatation  of  the  capillaries,  diffuse  or  cir- 
cumscribed hemorrhages,  venous  thromboses,  cellular  necroses,  and, 
kere  and  there,  masses  of  polynuclears.  These  are  substantially  the 
Bame  modifications  as  those  observed  in  animals. 

Considering  the  various  results  obtained  and  the  frequent  occiu*- 

rcnce  of  sclerosis  as  a  result  of  infectious  lesions,  we  are  led  to  the 

Msumption  that  after  an  acute  disease  the  suprarenal  capsules  often 

lemain  altered  in  a  permanent  manner ;  therefore,  various  disorders 

due  to  their  incompetency  may  later  be  observed.    As  a  matter  of 

'^,  since  the  clinical  investigations  of   Sergent  and  Bernard  we 

know  that  there  is  a  syndrome  different  from  Addison's  disease,  and 

Aaracteristic  of  capsular  insufficiency.    In  most  cases  the  symptoms 

^  connected  with  tuberculosis  and  follow  an  acute  or  subacute 

Course,  at  times  rapidly  terminating  in  death.    Of  special  importance 

fcr  om*  subject  is  the  fact  that  these  phenomena  at  times  develop 

^  the  occasion  of  even  a  slight  infection,  such  as  a  pultaceous 

^5ina,  as  was  the  case  observed  by  Sergent  and  Bernard.* 

^  0|>penheimer  and  Loper.    Lteions  des  capsules  surr^nales  dans  quelques  maladies 
feetieuses  aigues.    Soci^t^  de  biologie,  July  13,  1901. 

'  Sergent  and  Bernard.    Sur  un  syndrome  clinique  non  addisonien  11^  a  I'insuffisance 
Mulaire.    Archives  g^n^rales  de  m^decine,  July,  1899. 
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CHAPTER    XIV. 

INFLUENCE  OF  INFECTION  UPON  VARIOUS  PARTS  OF 

THE  ORGANISM  (Continued). 

Disturbances  and  Alterations  of  the  Nervous  System.  Cerebral  Manifestations.  Oepb* 
alalgia.  Delirium.  Relationship  between  Delirium  and  Lesions  of  the  Liver  lad 
Kidney.  Post-infectious  Delirium.  Tubercular  Insanity.  Obnubilation  and Coaii 
Apha.sia.  Hemiplegia.  Convulsions.  Bulbar  Manifestations.  The  Spinal  Cord ii 
Infections.  Hydrophobia.  Tetanus.  Infectious  Myelitis  in  Man.  Acute  Anoid- 
ing  Paralysis.  Infantile  Paralysis.  M3relites  in  Various  Infections.  DiphtheriA 
Paralyses.  Post-infectious  Neuroses.  Infectious  Meningites.  Cutaneous  llmifi* 
tations  of  Infections.  Exanthemata  in  the  Eruptive  Fevers.  Mechanism  lo^ 
Variability  of  Infectious  Erythemata.  Relationship  Between  the  Intenatyol 
Eruption  and  Gravity  of  the  Disease.  Sudoral  Secretion  in  Infections.  Evob 
tion  of  Exanthemata.  The  Muscular  System  in  Infections.  Infectious  Osteop 
at  hies  and  Arthropathies. 

The  Nervous  System  in  Infections. 

All  infectious  diseases  are  capable  of  invohdng  the  nervous 
system ;  a  few  affect  it  in  an  exclusive  or  predominant  raanner. 

For  the  convenience  of  description  we  may  admit  the  following 
divisions : 

1.  Reactionary  disturbances  of  the  nervous  system  in  the  course 
of  infections. 

2.  Non-specific  lesions  of  the  nervous  system. 

3.  Awakening  or  appearance  of  nervous  affections. 

4.  Specific  lesions,  viz.,  secondary  localization  of  the  infectious 
process. 

5.  Primary  infection  of  the  nervous  system. 

Nervous  disturbances  are  observed  in  almost  all  diseases:  fatiguf? 
exhaustion,  headache,  delirium,  convulsions,  twitching  of  the  tendons, 
and  modifications  in  the  activity  of  certain  organs  or  systems  ^ 
manifestations  of  frequent  occurrence.  They  appear  at  a  variable 
epoch  of  the  evolution,  subside  \\ith  it,  or  persist  after  apparent  cuic 
of  the  disease.  They  may  dominate  the  morbid  tableau  by  reasot 
of  their  intensity,  thus  leading  to  the  development  of  particula 
clinical  forms,  such  as  ataxic,  ataxo-adynamic,  con\nilsive,  delirioiK 
and  comatose. 
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lie  explanation  of  these  disturbances  is  to  be  found,  it  seems,  in 
Qtoxication. 

ft  is,  therefore,  conceivable  that  causes  favoring  or  aggravating 
ie  fonnation  and  retention  of  toxic  substances  play  an  important 
lein  the  production  of  the  nervous  phenomena.  The  lesions  of  the 
jans  concerned  in  the  transformation  or  elimination  of  the  poisons, 
tably  the  liver,  kidneys,  and  limgs,  play  an  additional  r61e,  as  do 
swise  the  various  conditions  favorable  to  the  production  of  toxins, 
I  virulence  of  the  microbe,  rapid  disassimilation,  and  hyperpyrexia. 
us,  delirium  may  appear  in  consequence  of  lesions  of  an  apparatus 
ich  until  then  was  intact,  for  instance,  the  kidneys  or  lungs. 
Hiese  ordinary  reactions  have  a  common  basis.  Although  they  are 
atical  in  all  diseases,  they  at  times  present  pecuUar  characters  due 
the  action  of  specific  products  secreted  by  microbes  and,  more 
ticularly,  to  the  inherited  or  acquired  predisposition  of  the  sub- 
t. 

t  may  be  stated  that,  in  a  great  number  of  cases,  morbid 
nifestations  represent  functional  reactions  and  simply  express  a 
turbance  of  the  nervous  system;  it  is  conceivable,  however,  that 
prolongation  or  repetition  of  the  derangement  may  result,  more 
bs  rapidly,  in  anatomical  alterations.  It  is  very  difficult  to  say 
what  moment  the  functional  distiu^bance  gives  way  to  anatomical 
on.  It  may  even  be  doubted  whether  the  distinction  is  well 
Dded.  In  cells  which  no  longer  discharge  their  functions  in  a 
mal  manner  the  protoplasm  must  certainly  undergo  alterations, 
lough  these  changes  are  not  appreciable  until  they  become  suf- 
ently  well  pronounced. 

^en  the  nervous  affection  becomes  apparent  during  the  coiu*se 
It  the  end  of  the  disease,  the  etiology  is  evident,  but  when  months 
years  elapse  between  recovery  from  the  first  disease  and  the 
•earance  of  nervous  phenomena,  the  problem  then  becomes  highly 
Jplex;  hence  the  origin  and  connection  of  the  nervous  symptoms 
e  long  been  a  matter  of  delicate  discussion. 
t  the  present  day  there  can  no  longer  be  any  doubt,  since  experi- 
ital  pathology  has  succeeded  in  producing  in  animals  a  series  of 
'ous  affections,  and  notably  myeUtis,  by  means  of  inoculations 
more  or  less  virulent  germs.  Accurate  clinical  observation  has 
\y  removed  the  last  shadow  of  doubt.  It  may  now  be  affirmed 
all  nervous  affections,  save  family  and  hereditary  diseases,  are 
d  by  some  infection  or  intoxication.    The  best  differentiated 


404  INFECTIOUS  DISEASES. 

clinical  types  may  follow  the  most  varied  infections.  In  the  presenoe 
of  this  new  pathogenic  view  we  must  not,  however,  lose  sight  of  the 
r61e  of  predisposition,  which  alone  enables  us  to  explain  the  localia- 
tions  of  the  process. 

Infection  may  also  provoke  the  appearance,  aggravation,  or  return 
of  latent,  slight,  or  past  manifestations.  It  is  known  that  infectkMi 
often  acts  as  a  provocative  agent  for  certain  neuropathies,  particu- 
larly hysteria. 

After  the  reactionary  phenomena  we  may  mention  the  secondary 
localizations  of  infectious  processes.  It  suffices  to  cite,  for  instance, 
tubercles,  abscesses,  and  gummata  of  the  nerve  centres  and  thrir 
envelopes.  These  lesions  acquire  no  particular  character  from  tiiar 
localization.  Pathogenic  agents  colonize  in  the  nerve  centres  as 
they  do  in  other  parts  of  the  organism,  and  there  give  rise  to  reactioWi 

Instead  of  being  secondary,  an  infectious  localization  is  at  timea 
primary.  The  pathogenic  agent  attacks  the  nervous  system  ftom 
the  beginning.  It  may  be  propagated  into  the  nerve  centres  or, 
having  vegetated  at  some  other  point  of  the  economy,  secrete  soluble 
substances  which  reach  and  become  fixed  in  the  nerve  centres.  A8 
illustrations  we  may  cite  hydrophobia  and  tetanus. 

These  distinctions  are  of  great  theoretical  importance.  In  pac- 
tice,  however,  it  is  often  difficult  to  determine  the  mechanism  set  in 
motion.  It  is  therefore  necessary,  for  the  description  of  facts,  to 
consider  them  from  the  clinical  standpoint  and  simply  pass  in  renew 
the  manifestations  which  may  occiu*  in  the  various  parts  of  the 
nervous  system,  namely,  the  brain,  the  medulla  oblongata,  the  spinal 
cord,  and  the  peripheral  nerves. 

Cerebral  Manifestations.  The  influence  of  infectious  diseases  upon 
the  brain  may  be  expressed  by  two  orders  of  phenomena:  (1)  diffu* 
manifestations,  such  as  headache,  incapacity  for  work,  cerebral 
obnubilation,  delirium,  and  convulsions;  (2)  sjnoiptoms  indicating 
focal  lesions,  such  as  aphasia  and  hemiplegia. 

The  necropsy  sometimes  reveals  a  focus  of  softening  due  to  an 
embolus  or  thrombus;  at  other  times,  acute  encephahtis,  a  cerebral 
abscess,  a  meningitis,  or  a  thrombosis  in  the  sinuses.  Such  marked 
lesions  are  seldom  met  with.  In  the  great  majority  of  cases  theie 
is  found  simj)ly  a  congestion  and,  at  times,  slight  hemorrhage.  ^ 
some  instances  a  slight  serous  effusion  is  detected  in  the  meshes  ct 
the  pia  mater  and  in  the  ventricles.  Lesions  of  this  kind  are  encoun- 
tered, especially  in  typhoid  fever.    In  this  disease  more  profound 
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rations  are  sometimes  met  with,  such  as  arteritis,  meningeal 
lorrhages,  and  cerebral  abscesses. 

Llast  group  comprises  those  cases  in  which  the  necropsy  is  nega- 
>:  the  brain  appears  healthy.  In  such  cases  the  cerebral  symp- 
08  have  been  attributed  to  circulatory  disorders,  pyrexia,  and 
!robic  localizations.  It  is  now  known  that  the  question  is  one  of 
oxication  of  the  organism  by  microbic  products  and  by  waste  of 
hilar  nutrition.  It  is,  therefore,  perfectly  intelligible  that  results 
luld  greatly  vary  according  to  the  nature,  intensity,  or  duration 
the  infectious  process. 

lephalalgia.  Cephalalgia  is  observed  in  all  febrile  processes;  it 
times  a  certain  importance  in  several  diseases.  It  is  particularly 
iresting  to  study  headache  in  typhoid  fever.  It  often  constitutes 
first  symptom  of  the  disease.  A  persistent  headache  accom- 
ied  by  some  gastric  disturbances,  occurring  in  a  young  person 
)  has  been  a  short  time  in  a  great  city,  should  immediately  suggest 
hoid  fever.  During  the  stationary  stage  headache  persists;  it  is 
erally  very  severe,  and  the  patient  refers  his  insomnia  to  it.  In 
s  of  moderate  intensity,  headache  lasts  to  the  end  of  the  evolu- 
i;  in  graver  cases  it  disappears,  overcome  by  the  stupor  which 
ades  the  patient.  When  the  question  is  one  of  those  slight  forms 
ignated  as  ''walking  typhoid  cases"  headache  is  often  the  only 
aptom,  and  thus  acquires  great  diagnostic  value. 
Cephalalgia  is  less  marked  in  the  eruptive  fevers.  Measles  is 
ended  by  hardly  any  headache,  and  the  slight  pain  seems  to  be 
?rable  to  the  coryza.  It  is  more  intense  in  variola  and  scarlet 
er,  but  generally  ceases  with  the  appearance  of  the  eruption.  The 
uni  of  headache  during  convalescence  is  often  the  first  sign  of  a 
al  complication. 

Ve  must  also  note  the  importance  of  headache  in  various  forms 
nialaria.  It  is  often  one  of  the  first  morbid  phenomena.  Its 
«arance  in  a  man  who  has  just  passed  through  a  swampy  country 
uld  immediately  suggest  malarial  infection.  It  is  one  of  the  best 
nonitory  symptoms.  It  is  also  one  of  the  first  symptoms  of  the 
nnittent  paroxysm;  cephalalgia  precedes  the  chills,  persists 
ing  the  cold  stage,  and  diminishes  during  the  stage  of  heat.  WTien 
3curs  in  the  intervals  of  paroxysms  the  development  of  a  per- 
)us  character  is  to  be  feared.  Finally,  after  cure  of  the  febrile 
•xysms,  headache  may  reciu*  in  a  regular  manner;  it  then  repre- 
j  a  form  of  masked  malaria  which  is  not  rare  in  Europe. 
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At  times  headache  indicates  a  cerebral  complication;  it  ma 
involvement  of  the  meninges,  especially  in  those  cases  in  i 
suppurative  lesion  of  the  nose  or  ear  exists.  It  is  well  to  no 
contrary  to  classical  opinion,  meningites,  even  of  suppm*ati^ 
are  often  latent,  and  give  rise  to  no  reaction  and,  notably,  to  i 

Besides  headache,  the  patient  not  infrequently  complains 
tigo.  This  symptom  is  especially  marked  in  influenza  and 
fever.  In  the  latter  disease  it  is  manifested  as  soon  as  the 
changes  position  or  sits  up  in  bed.  At  the  beginning  of  the  in 
when  the  diagnosis  is  yet  doubtful,  this  phenomenon  possesses 
semiological  value. 

Delirium.  The  frequency  and  clinical  appearance  of  ( 
depend  upon  two  factors :  the  state  of  the  subject  and  the  n 
infection. 

The  age  of  the  patient  plasms  a  very  important  role.  Chil( 
often  subject  to  delirium,  except,  of  course,  in  the  first  yean 
when  the  cerebral  centres  are  not  sufficiently  developed  for  r 
The  newly-born  is  a  medullary  being,  and  the  infectious  ma 
tions  are  the  result  of  the  action  upon  the  spinal  cord.  Del 
of  ver)'^  frequent  occurrence  in  adults;  it  is  less  frequent  in  tl 
the  latter  are  more  apt  to  be  attacked  by  torpor  and  ad] 
While  more  common  in  debilitated  or  overworked  persons, 
women  more  than  in  men,  delirium  is  particularly  influer 
hereditary  or  personal  antecedents  of  the  patient.  Certain  : 
uals  predisposed  by  heredity  become  delirious  on  the  occasioi 
febrile  process ;  it  is  a  mild  form,  and  ceases  as  soon  as  the  at 
of  the  sufferer  is  fixed.  Acquired  predisposition  is  generally 
previous  affections,  mainly  to  intoxications.  Alcoholism  pi 
principal  role  and  gives  rise  to  well-known  special  distu 
described  under  the  name  delirium  tremens.  This  is  an  even 
ring  in  the  course  of  a  chronic  intoxication  and  as  a  resul 
abrupt  shock.  It,  therefore,  generally  appears  in  diseases  chj 
ized  by  a  sudden  onset,  such  as  variola,  scarlatina,  erysipela 
matism  and,  above  all,  in  pneumonia.  It  is  exceptional  i 
infections  which,  like  typhoid  fever,  set  in  slowly  and  progrc 

From  a  general  standpoint,  delirium  is  manifested  in  three  c 
degrees:  1.  Mild  delirium,  generally  bearing  upon  the  habitu 
pations  of  the  patient  and  ceases  when  his  attention  is  calk 
2.  DeUriuni  characterized  by  the  muttering  of  incoherent  spe< 
oft^n  accompanied  by  sensory  hyperesthesia,  which  explains 


1.UBXCB  OF  INFECTIONS  UPON  THE  ORGANISM.      407 

iciiationa  and  illusions  of  sight  and  of  hearing.  3.  Furious  delirium 
one  of  action:  the  patient  howls,  sings,  recognizes  nobody,  answers 
)  quftitions.  Sensibility  is  diminished.  Tlie  sufferer  is  detached 
am  tlie  external  objective  worid,  and  \a  seized  with  terrifj-ing  ha!- 
cinatioiis.  With  hazard  and  congested  eyes  and  trembling  limbs 
■  leaves  his  bed  and  runs  about  the  room,  fighting  those  who  try 
srrest  or  calm  him. 

Tie  lielirious  manifestations  of  the  stationary  period  generally 
appear  at  the  end  of  the  disease.  In  certain  instances,  however, 
me  trouble  of  the  intellect  or  memory  may  persist.  In  other  cases 
Teaerious  phenomena  appear.  Such,  for  example,  is  the  condition 
icribed  by  alienists  under  the  name  menial  confusion.  It  occurs 
the  most  varied  tliseases;  in  typhoid  fever,  variola,  cholera,  influ- 
a,  pneumonia,  and  erysipelas.  The  ideas  of  the  victim  are  so 
ifused  that  he  utters  only  fragments  of  phrases;  his  language 
omes  unintelligible.  His  perceptions  are  not  clear.  His  face  is 
it  and  stupid.  In  spite  of  their  apparent  gravity,  however, 
se  troubles  are  in  most  cases  transitory,  and  gradually  disap- 
J. 

'oit-infeetious  Delirium.  Mania  may  occur  in  consequence  of  the 
It  varied  infections:  typhoid  fever,  rheumatism,  erysipelas,  erup- 
fevers,  cholera,  etc.  On  consulting  a  treatise  on  mental  path- 
y  it  will  be  seen  that  the  most  varied  clinical  types  of  mental 
ases  may  occur  as  a  result  of  an  infection.  The  same  diseases 
mentioned  in  the  etiology  of  manias,  mental  degenerations, 
ous  forms  of  insanity,  and  even  of  general  paralysis.  Their  rela- 
frequency  is  not  exactly  the  same.  Thus,  mental  degenerations, 
unpanied  or  unattended  by  bodily  degenerations,  are  the  inflic- 
9  of  hereditary  syphilis;  they  are  also  observed  after  tyjihoid 
t,  but  are  exceptional  after  other  infections,  such  as  the  eruptive 
rs,  diphtheria,  mumps,  and  whooping-cough.  In  the  etiology  of 
toI  paralysis  (aside  from  the  influence  of  syphilis,  wliich  will  be 
ired  to  later)  are  cited  typhoid  fever,  influenza,  pneumonia,  diph- 
ia.  variola,  and  especially  erysipelas. 

nbsrctilar  Insanity.  Although  insanity  is  at  times  consecutive 
transitory  disease,  it  may  also  occur  in  the  course  of  a  chronic 
:tion,  such  as  syphilis  or  tuberculosis.  The  relationship  between 
tiity  and  phthisis  has  been  repeatedly  studied.  Alienists  have 
noted  the  frequent  coincidence  of  the  two  processes,  the  fre- 
icy  of  tuberculosis  among  the  ancestors  of  the  insane,  and  at 


'I 
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times  the  alternation  of  thoracic  sjonptoms  and  of  cerebral  disorde 
in  the  same  individual. 

The  mental  state  of  the  tubercular  is  often  very  peculiar.  Tie 
optimism  and  indifference  is  a  matter  of  conmion  observation.  Sm 
of  them  recognize  their  state  and  accept  it  with  resignation.  Ho 
different  is  this  from  the  alarm  into  which  most  people  are  throw 
on  the  slightest  morbid  manifestation.  Certain  tubercular  subject 
however,  are  of  a  different  temper;  they  always  complain,  as 
nothing  satisfies  them.  Others  become  suspicious,  and  may  beBei 
themselves  to  be  objects  of  persecution. 

Finally,  at  the  terminal  period,  intellectual  derangements  appea 
as  a  rule.  They  occur  tardily,  however;  a  violent  deliriimi  with  hi 
lucination  is  a  symptom  of  approaching  death. 

In  certain  cases  a  paroxysm  of  true  insanity  may  occur  in  the  cour 
of  ordinary  tuberculosis.  We  had  the  opportunity  to  observe  a  ca 
of  this  kind  in  which  very  marked  disorders  evolved  in  sucoesBT 
periods,  characterized  by  alternating  manifestations  of  depressic 
and  excitation. 

Bole  of  Infections  in  the  Development  of  Ctoneral  Panlysi 
Among  the  maladies  of  infectious  origin,  general  paralysis  deserv 
first  mention.  It  follows  typhoid  fever,  pneumonia,  diphtheri 
variola,  and,  as  has  been  shown  by  Bayle  and  Baillarger,  especial 
erysii)elas.  The  influence  of  syphilis  seems  also  to  be  undeniabi 
Syphilitic  general  pseudoparalysis,  however,  must  be  distinguish 
from  true  general  paralysis.  The  former  is  connected  with  diffui 
syphilitic  lesions  and  is  remarkable  for  the  existence  of  certai 
peculiar  symptoms — i.  e.y  ptosis,  strabismus,  local  paral)'ses,  ar 
cephalalgia.  Delirium  is  slight  and  oft^n  assumes  the  circular  fori 
Finally,  its  course  is  diffiTent;  it  is  often  regressive,  and  a  cure  m^ 
be  effected  by  specific  treatment.  Aside  from  this  somewhat  peculi; 
clinical  type  it  must  be  recognized  that  syphilis  is  too  frequent 
found  in  the  antecedents  of  general  paralytics  to  be  simply  an  ac< 
dental  coincidence.  Syphilis  does  not,  however,  produce  genei 
paralysis;  it  fulfils  here  the  same  r61e  as  in  the  development  of  loc 
motor  ataxia:  it  is  an  auxiliary  cause  acting  upon  predispos' 
individuals. 

Obnubilation  and  Coma.  Infections  often  give  rise  to  an  obr 
bilation  sufficiently  pronounced  to  border  on  coma.  It  is  a  nerv( 
depression  supervening  at  once  or  following  phenomena  of  excitati 
notably  delirium. 
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ftrebral  obnubilation  is  very  marked  in  typhoid  fever,  typhus, 

and  pneumonia  in  the  aged.    It  also  characterizes  one  of  the  forms 

of  pernicious  malarial  fever.  In  the  course  of  the  eruptive  fevers  it 
presents  a  certain  diagnostic  value  according  to  the  date  of  its  appear- 
ance. At  the  beginning  of  scarlatina  and  measles  a  semicomatose 
state  is  not  a  symptom  of  extreme  gravity,  at  least  in  children.  If, 
however,  it  does  not  subside  at  the  time  of  eruption  the  prognosis 
becomes  grave. 

The  appearance  of  coma  during  convalescence  indicates  a  compU- 
cation  and  particularly  a  bronchopneumonia  in  a  case  of  measles, 
and  a  nephritis  in  a  case  of  scarlatina. 

lliese  comatose  manifestations  are  at  all  events  rare.  With  their 
study  we  have  completed  the  consideration  of  diffuse  cerebral  mani- 
festations. We  shall  now  review  certain  phenomena  which  seem  to 
indicate  a  more  precise  localization. 

Aphasia.  Aphasia  may  occur  unassociated  with  hemiplegia.  It 
appears  during  convalescence  from  the  eruptive  fevers,  erysipelas, 
tod  particularly  typhoid  fever.  It  is  most  frequently  observed  in 
children.  At  any  rate,  the  trouble  is  incomplete  and  transitory,  and 
^very  is  effected  in  two  or  three  weeks.  Ley  den  attributes  it  to 
a  focus  of  slight  encephalitis.  Certain  cases  might  perhaps  be  ex- 
plained by  neurotic  disorders,  as  we  are  led  to  believe  by  observation 
of  a  case  of  measles  in  a  girl,  three  years  of  age,  who,  two  days  after 
the  fall  of  the  fever,  had  frequent  fits  of  hysteria,  and  at  the  same 
time  lost  the  use  of  language,  save  two  words,  '^Boni,  madame," 
^ch  was  her  invariable  reply  to  all  questions.  This  aphasia  lasted 
fifteen  days  and  then  gradually  disappeared. 

^'e  mast  not  overlook  aphasia  occurring  in  malaria.  In  some  cases 
the  disturbance  of  speech  appears  after  a  regular  paroxysm ;  it  is 
transitory  and  not  serious.  At  times  it  manifests  itself  in  a  per- 
^cious  paroxysm  and  is  of  grave  prognostic  significance. 

Bemiplegia.  Hemiplegia  may  be  produced  by  various  mechan- 
^^.  It  may  be  due  to  emboli  derived  from  a  clot  of  phlebitis  or 
^^tations  of  an  ulcerative  endocarditis.  In  the  latter  instance  the 
fy^ptoni  acquires  a  certain  diagnostic  value.  When  the  diagnosis 
^doubtful  as  to  the  nature  of  infection  observed — when,  for  example, 
t.vphoid  fever  is  thought  of — the  sudden  appearance  of  hemiplegia 
'^^l  lead  to  a  more  careful  examination  of  the  heart,  and  thus  enable 
the  physician  to  recognize  the  nature  of  the  events. 
flemiplegia  dependent  upon  a  focus  of  cerebral  arteritis  is  an 
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incident  of  rare  occurrence.  We  have  observed  a  case  of  this  kind, 
that  of  a  man,  thirty-three  years  of  age,  who,  consecutively  to  i 
gastroenteritis,  developed  a  right  hemiplegia  involving  the  limbB 
and  the  face,  but  sparing  the  orbicularis  palpebrae.  The  necropBjr 
revealed  an  acute  arteritis  in  the  arch  of  the  aorta  and  red  softeninj 
occupying  the  middle  of  the  ascending  convolutions  on  each  side  of 
Rolando's  fissure,  affecting  quite  deeply  the  cortical  part. 

Hemiplegia  is  not  extremely  rare  in  pneumonia,  at  least  in  the 
aged.  It  sets  in  after  an  apoplectic  attack  and  is  often  attended  bj 
conjugate  deviation  of  the  head  and  the  eyes.  Death  occurs  withii 
a  few  days  in  coma.  At  the  necropsy  cerebral  softening  is  discov 
ered.  According  to  Straus,  this  lesion  is  constant,  but  so  small  as  t< 
easily  escape  notice. 

There  are  also  transitory  hemiplegias  observed,  particularly  durin, 
convalescence  from  infections,  but  they  are  extremely  rare. 

Convulsions.  As  infantile  poliencephalitis  is  less  frequent  tha: 
poliomyelitis,  owing  to  the  fact  that  in  children  the  brain  is  lee 
active  than  the  spinal  cord,  the  same  is  true  of  delirium  which,  h 
children,  is  replaced  by  convulsions,  especially  in  those  predifi 
posed  by  heredity  or  innateness.  When  they  occur  at  the  beginnini 
of  infections  they  are  not  of  grave  diagnostic  significance.  The; 
often  accompany  the  invasion  of  an  eruptive  fever,  angina,  an< 
notably  pneumonia.  In  the  last-named  disease  conx-ulsions  arr 
observed  chiefly  in  children  mider  two  years  of  age,  thus  justifying 
the  assumption  of  an  eclamptic  form. 

Tardy  convulsions,  unlike  early  ones,  frequently  announce  the 
develoi)ment  of  some  complication.  In  measles  they  must  suggest 
l)r()nchopneumonia ;  during  convalescence  from  scarlatina  they  gen- 
erally constitute  the  first  symptom  of  nephritis.  In  other  instances 
they  express  some  lesion  of  the  nervous  centres,  and  are,  for  example, 
related  to  the  development  of  meningitis.  If  con\nilsions  occur  m 
the  course  of  a  whooping-cough,  without  aggravation  in  the  general 
state  of  the  i)atient  and  \\ithout  production  of  fever,  they  are  to  be 
attributed  to  an  exaggeration  of  the  nervous  reactions  induced  by 
the  disease:  the  local  convulsion  is  generalized.  On  the  other hanJ' 
if  at  the  same  time  there  is  persistent  dyspnea  and  a  rise  in  teni- 
jxTature,  the  patient  must  he  examined  with  greater  care,  andalmo?^ 
always  l)ronch(^])neuni()nia  will  be  discovered. 

Finally,  as  the  majority  of  adults  succumb  in  delirium,  so  nio?^ 
children  under  two  years  of  age  die  during  terminal  convulsion?- 
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behave  at  the  end  of  infection  as  they  do  at  the  beginning, 
iting  nervous  reactions  which  are  referable  to  the  same  cause 
adults,  but  are  locaUzed  in  different  parts  of  the  nervous 

DQ. 

avulsions  are  quite  unconmion  in  adults.  Scarlatinal  nephritis, 
1  produces  convulsive  uremia  in  children,  gives  rise  to  djrspneic, 
ous,  or  comatose  uremia  in  adults.  Puerperal  eclampsia  is  an 
)tion  to  this  rule ;  still,  in  not  a  few  cases  puerperal  lu-emia  is 
seed  by  other  manifestations,  notably  by  a  violent  delirium 
h,  in  the  absence  of  an  examination  of  the  urine,  would  very 
|r  be  mistaken  for  a  phenomenon  of  acute  insanity. 

Bulbar  Manifestations  of  Infections. 

le  majority  of  infections  affect  the  bulbar  centres.  Fevers  seem 
«  dependent  upon  dsmamic  modifications  produced  in  the 
ilia  oblongata.  Certain  phenomena  accompansdng  fever, 
3ly  chills,  are  also  referable  to  a  bulbar  influence, 
e  medulla  oblongata  also  contains  centres  governing  the  func- 
of  the  principal  organs.  Various  cardiac  distiu'bances  are  of 
J"  origin.  Acceleration  of  pulse  in  fever  is  not  simply  due  to 
se  in  temperature,  for,  if  such  were  the  case,  it  would  follow 
r  the  same  course  in  all  diseases.  The  fact  is,  however,  that 
a  diseases  affect  far  more  than  others  the  number  of  pulsations 
re  precisely  those  maladies  which  most  easily  excite  nervous 
3ns.  In  this  respect  scarlatina  is  the  leading  affection.  In 
sease,  for  the  same  degree  of  temperatiu'e,  the  pulse  is  far  more 
than  in  other  infections.  This  is  even  a  valuable  diagnostic 
om,  since  it  enables  the  physician  to  state,  prior  to  the  eruption, 
lie  sore  throat  is  probably  of  scarlatinal  nature.  On  the  other 
slowness  of  pulse  may  express  the  influence  of  an  infection 
the  bulb,  and  such  slowness,  coinciding  with  the  thermal  ele- 
,  becomes  a  striking  feature.  In  a  man,  twenty-one  years  of 
iffering  from  a  serious  scarlatina  complicated  with  albuminuria, 
imber  of  pulsations  fell  to  52,  although  the  temperature  was 
F.  (39°  C).  This  state  persisted  for  three  days.  It  was  prob- 
ue  to  a  bulbar  disorder,  since,  under  the  influence  of  a  small 
f  atropine,  which  diminished  the  action  of  the  pneumogastric 
without  suppressing  it,  the  pulse-rate  rose  to  64. 
likewise  attribute  to  disturbances  of  cardiac  and  respiratory 
J  the  arrhjrthmias,  the  irregularities  of  the  heart's  action,  which 
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occur  without  the  slightest  demonstrable  lesion  in  the  myocardii 
A  similar  explanation  must  be  admitted  with  reference  to  cert 
pai'oxysms  of  dyspnea,  acceleration  or  retardation  in  respirat< 
movements,  which  are  accounted  for  neither  by  fever  nor  the  st 
of  the  heart,  kidneys,  or  lungs. 

The  Spinal  Cord  in  Infections. 

The  participation  of  the  spinal  cord  in  infectious  processefi 
demonstrated  beyond  dispute  by  the  study  of  two  diseases:  i 
caused  by  multipUcation  of  the  pathogenic  agent,  the  other  by 
action  of  microbic  toxin — we  refer  to  hydrophobia  and  tetanus, 
hydrophobia  the  pathogenic  agent  acts  by  means  of  the  prodi 
which  it  secretes.  When,  after  having  been  freed  from  all  figui 
elements,  an  emulsion  of  the  spinal  cord  of  hydrophobic  animal 
injected  mto  dogs,  paralytic  phenomena  are  produced.  It  is 
intoxication,  not  an  infection,  since  the  cord  of  these  inoculated  d 
is  not  virulent. 

Tliis  toxin  is  produced  in  the  various  parts  of  the  nerve  cent 
and  these  are  invaded  successively,  not  simultaneously.  The  pat 
genie  agent  slowly  propagates  and  colonizes.  The  experimenti 
Di  Vestea  and  Zagari  show  that  the  introduction  of  the  Aorus  i 
the  sciatic  nerve  causes  a  more  marked  paralysis  on  the  side  i 
which  the  inoculation  is  made,  and  that  the  tail  of  the  horse  beco: 
\nrulont  before  the  medulla  oblongata.  Clinical  observ^ation  ii 
harmony  with  these  experimental  facts;  it  shows  that  convulsiv 
l)aralytic  phenomena  are  often  more  pronounced  on  the  bitten  s 
According  to  the  remark  of  the  authors  above  mentioned,  a  bit 
the  lower  extremities  commonly  gives  rise  to  paraplegia,  while 
rabid  forms  usuallv  occur  when  the  initial  lesion  is  inflicted  on 
head  or  u])per  extremities. 

Of  the  two  clinical  fornLS  of  hydrophobia,  one,  the  rabid  fon 
in  fact  characterized  by  the  predominance  of  cerebral  manifestati 
the  other,  the  dumb  or  paralytic  type,  by  the  prevalence  of  sp 
phenomena.  These  two  forms  may  be  encountered  in  all  animals, 
their  relative  freciuency  varies  from  one  species  to  another, 
rabid  form  is  more  frequent  in  the  dog,  while  in  the  rabbit  the  (Us 
almost  constantly  assumes  the  paralytic  form. 

Anatomical  patliology  shows,  on  the  other  hand,  that  the  lui 
spine  is  affected  if  the  person  is  bitten  in  the  lower  extremitie 
the  wound  is  received  in  the  upper  extremities  the  cervical  spi 
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ound  to  be  the  seat  of  alterations,  these  alterations  consisting  not 
in  mere  congestion,  but  in  small  foci  of  softening.  Microscopic  or 
gveii  larger  hemorrhages  resulting  from  the  rupture  of  congested  cap- 
illaries as  well  as  thrombosis  are  lesions  of  frequent  occurrence.  The 
nerve  cells  are  altered ;  at  some  points  they  are  destroyed  and  replaced 
by  masses  of  embryonal  elements  or  neuroglia  tissue. 

In  view  of  the  results  furnished  by  experimentation  and  clinical 
obsen-ation  we  may  state,  in  conclusion,  that  the  agent  of  hydro- 
jiiobia  is  essentially  a  parasite  of  the  nervous  system,  the  peripheral 
prolongations  of  which  it  follows  in  order  to  reach  and  localize  itself 
in  the  nerve  centres  and  there  produce  its  toxin.  According  to 
the  ancient  expression  of  Romberg,  hydrophobia  may  therefore  be 
said  to  be  a  toxoneurosis ;  we  must  only  add :  an  infectious  and 
specific  toxoneurosis. 

Tetanus.  The  second  infectious  toxoneurosis  known  is  tetanus. 
It  essentially  differs  from  the  preceding  infection  in  that  the  patho- 
genic agent  remains  locaUzed  at  the  point  of  introduction  and  secretes 
toxins  which  follow  the  nerves  in  order  to  reach  the  spinal  cord,  the 
bulb,  and  the  brain.  Its  mode  of  action  has  been  and  is  still  a 
matter  of  discussion.  Courmont  and  Doyon  beUeve  its  action  to  be 
that  of  a  ferment  which  gives  rise  to  a  new  poison  of  a  convulsifying 
character.  Others,  following  EhrUch,  admit  a  combination  of  the 
toxin  with  the  protoplasm  of  the  nerve  cells,  an  intracellular  trans- 
fonnation  thus  being  effected. 

It  remains  to  determine  what  part  of  the  nervous  system  is  the 
'^^rting  point  of  the  disorders.  Pathological  anatomy  ha\dng 
horded  no  conclusive  results,  physiological  analysis  must  be  resorted 
^'  At  present  there  is  general  agreement  for  localizing  the  disorder 
^  the  cord  and  the  medulla  oblongata;  and,  following  Courmont  and 
^yon,*  it  is  admitted  that  the  process  is  one  of  exaggerated  sensi- 
^Oess  of  the  reflex  axis,  the  poison  acting  probably  upon  the 
'^ry  neuron.  This  conclusion  is  in  perfect  harmony  with  the 
^Its  of  experiments  made  by  the  author  as  regards  the  sensitive- 
^  of  tetanic  animals  to  the  action  of  strychnine.' 
<^uinea-pigs,  from  two  to  seven  days  after  inoculation  with  tetanic 
^,  received  beneath  the  skin  small  doses  (from  0.5  to  1  mg.)  of 
ychnine  sulphate.    They  presented  convulsions  and,  in  most 

Counnont  and  Doyon.    Le  t^tanos.    Actuality  m^dicales,  1899,  vol.  i. 
Hoger.    Action  de  la  strychnine  et  du  chloral  sur  los  animaux  tdtaniques.    Soc.  de 
t^ie,  May  20,  1899. 
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cases,  soon  succumbed.  Control  guinea-pigs  withstood  the  sane 
amounts  of  the  alkaloid  without  presenting  the  sUghtest  disturbano. 

Inf ectious  Myelites  in  Man.  Numerous  facts  of  comparative  and 
experimental  pathologj^  demonstrate  the  frequency  of  paralyses  d 
spinal  origin  consecutive  to  infections.  In  cUnical  experience  it  is 
often  difficult  to  determine  a  localization.  The  symptoms  may 
depend  upon  very  different  processes.  Three  diseases  or  rather  three 
clinical  tj^xiss  may  be  referred  to  infection.  These  are  the  acute 
ascending  paralysis,  infantile  paralysis,  and  acute  spinal  pardysis 
of  the  adult.  Their  history  will  complete  the  teachings  already  fur- 
nished by  the  study  of  hydrophobia  and  will  enable  us  to  better 
appreciate  the  complex  facts  to  be  later  described. 

Acute  Ascending  Paralysis.  Acute  ascending  paralysis  or  Las- 
dry's  disease  may  occur  in  typhoid  fever  (Landry,  Leudet,  Pities, 
and  Vaillard),  pneumonia  (Gubler  and  Landry,  Macario),  measles 
(Barlow,  Negue),  variola  (Gubler,  Bernhardt,  Gross,  Chalvet,  Oettin- 
ger,  and  Marinesco),  in  consequence  of  puerperal  septicemia  (Landry) 
or  urinal  septicemia  (Orcel  and  Stourine,  Prince),  and  consecutiife 
to  suppurative  wounds  produced  by  a  vesicatory  (Landry,  Gubler). 
In  some  cases  the  invasion  is  announced  by  certain  disturbances 
attributed  to  influenza  or  an  attack  of  indigestion.  In  other  instances 
the  onset  is  characterized  by  general  manifestations,  malaise,  loss  of 
appetite,  chills,  and  especially  fever.  Finally,  as  in  all  microbic 
processes,  the  intervention  of  some  auxiliary  cause  is  often  noted  in 
the  beginning  of  the  disease,  such  as  indigestion,  cold,  overexertion, 
and  excesses,  which  favor  the  development  and  localization  of  the 
germs. 

Some  of  the  symptoms  of  the  stationary  period  indicate  the  infec- 
tious nature  of  the  malady.  First  of  all,  fever  which,  it  must  be 
acknowledged,  is  not  constant;  also  malaise,  anorexia,  and,  not  infre- 
quently, hypertrophy  of  the  spleen.  Wliat  further  strengthens  the 
conviction  that  acute  ascending  paralysis  must  be  of  infectious  ongin 
is  the  fact  that  there  is  an  infection  of  the  nervous  centres  which,  by 
its  symptoms  and  evolution,  strongly  resembles  Landry's  paral)'?!^ 
— reference  is  here  made  to  paralytic  hydrophobia.  Tlie  perusal  oi 
certain  observations  leads  to  the  question  whether  some  cases 
recorded  as  examples  of  Landry's  paralysis  are  not  due  to  the  ^'i^^ 
of  hydrophobia.     Leaving  aside  this  doubtful  question,  it  is  noticed 

» 

that  the  evolutive  analogy  leads  to  the  assumption  of  a  pathogen^^^ 
analogy  and,  therefore,  to  a  search  for  an  animate  agent  in  Landry  s 
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disease.  Researches  in  this  direction  have  already  been  pursued 
nith  some  success.  Baumgarten  found  in  the  blood  and  organs  a 
bacillus  resembling  that  of  anthrax.  Marie  and  Marinesco  obtained 
aamilar  result.  Centanni  saw  numerous  microbes  ranged  in  a  semi- 
lunar form  around  the  fibres  of  peripheral  nerves,  none  being  encoun- 
tered in  the  cord.  It  is  impossible,  however,  to  express  a  decided 
opnion  with  regard  to  these  various  findings,  since  none  of  the  fore- 
going authors  completed  his  investigations  by  cultivation  and  inocu- 
lations. 

In  a  case  of  Curschniann  the  symptoms  made  their  appearance  in 
tke  course  of  a  typhoid  fever  and  were  ascribed  to  Eberth's  bacillus, 
^ch  was,  in  fact,  found  in  the  white  substance  of  the  spinal  cord. 
Be  nature  of  the  microbe  was  determined  by  cultivation  and  inocu- 
lation. In  other  instances  common  or  at  least  non-specific  bacteria 
have  been  encountered.  The  staphylococcus  aureus  was  found  twice 
by  ELsenlohr,  the  streptococcus  in  the  case  of  Oettinger  and  Marin- 
ttco,  which  coccus  was  cultivated  in  the  case  of  Remlinger.  Lastly, 
in  a  case  in  which  microscopic  examination  had  failed  to  disclose  the 
presence  of  any  germs,  Thomas  obtained  a  culture  of  a  micrococcus 
liquefying  gelatin. 

%v&  in  nine  cases  which  have  been  more  or  less  carefully  studied 
ffom  a  bacteriological  standpoint  there  was  found  twice  a  bacillus 
resembling  that  of  anthrax,  twice  undetermined  microbes,  once 
Eberth's  bacillus,  twice  the  staphylococcus  aureus,  and  twice  the 
streptococcus.  In  two  other  cases,  one  observed  by  Eisenlohr,  the 
other  by  Albu,  the  research  for  bacteria  was  negative. 

From  these  somewhat  dissimilar  facts  no  definite  conclusion  can 
he  derived.  It  can  only  be  stated  that  the  majority  of  modern 
^beemtions  lead  to  the  assumption  that  Landry's  disease  is  an  acute 
poliomyelitis  which  may  be  produced  by  the  most  varied  microbes. 

T^e  following  observation*  tends  to  support  this  view:  A  man, 
hirty-three  years  of  age,  ten  days  before  his  admission  to  our  hos- 
^^tal  experienced  sensations  of  intense  cold  in  the  lower  extremities, 
^d,  three  days  later,  niunbness  in  the  legs,  but  no  pain  at  any  time. 
^  lower  extremities  became  progressively  weaker,  and  he  was  com- 
piled to  lie  in  bed;  then  throat  symptoms  appeared,  upon  which  he 
'^sent  to  the  hospital.  He  suffered  a  violent  paroxysm  of  dyspnea 
'i  taking  a  glass  of  milk.     His  intellect  was  intact.    Perspired  pro- 

Hoger  and  Joeu4.  Un  cas  de  paraly^ie  ascendante  aigue.  La  Presse  m^dicale, 
h  27,  1898. 
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fusely.  He  was  hoarse,  but  nothing  abnormal  was  found  in  the 
throat.  Every  time  he  drank,  however,  he  had  a  paroxysm  of  suffo- 
cation. Paralysis  of  the  lower  extremities  was  complete;  the  uj^ 
extremities  were  only  weakened.  There  was  also  slight  anaesthesia, 
which  was  more  marked  in  the  lower  than  in  the  upper  extremities. 
The  patellar  reflexes  were  abolished  as  well  as  the  tendon  reflexes  of 
the  upper  extremities.  Pulse  112;  temperature  101.6°  F.  (38.7*  C.) 
in  the  morning,  100°  F.  (37.8°  C.)  in  the  evening.  On  auscultation 
sibilant  and  sonorous  r&les  were  heard.  He  died  iii  the  night  during 
an  attack  of  dyspnea.  The  histological  examination  of  sections  of 
the  lumbar  enlargement  showed  lesions  in  the  cells  of  the  anterior 
horns,  remarkable  aUke  for  their  degree,  amounting  to  an  atrophyof 
the  nervous  elements,  and  for  their  diffusion:  nearly  all  the  cells iw« 
altered.  On  bacteriological  examination  no  microbic  foci  were  founi 
We  therefore  resorted  to  cultivation  and  inoculation  in  order  to 
determine  the  cause  of  the  disease. 

With  a  sample  of  the  blood  which  was  taken  from  the  right  heart 
immediately  after  death  we  obtained  cultures  of  a  microbe  presenting 
all  the  characters  of  the  pneumococcus.  With  these  cultures  fc 
made  inoculations  into  animals.  Rabbits  presented  paresis  or  spas- 
modic paralysis  in  the  hind  legs.  Their  blood,  cultivated  in  variouB 
media,  yielded  pure  cultures  of  the  pneumococcus. 

Our  observation  is  the  first  to  establish  the  existence  of  an  acute 
ascending  paralysis  produced  by  the  pneumococcus.  This  result  is 
not  to  be  wondered  at.  There  are  cases  on  record  showing  tliat  pneu- 
monia may  bo  followed  by  an  ascending  paralysis.  Landry's  famous 
observation  is  an  illustration  thereof:  the  patient  had  had  an  attack 
of  pneumonia  from  which  he  had  not  completely  recovered.  He 
remained  in  that  condition  for  two  months,  and  then  developed 
paralysis,  which  killed  him  in  a  week.  It  may,  of  course,  be  objected 
that,  in  this  case,  the  lapse  of  a  long  period  of  time  between  the 
thoracic  and  spinal  manifestations  renders  impossible  the  unreserved 
admission  of  a  relationship  of  cause  and  effect. 

No  such  objections  can  be  raised  against  oiu*  case,  which  demon- 
strates  the  possibility  of  an  ascending  paral3rsis  of  pneumococcic 
origin.  It  is  true  that  in  our  case  the  nature  of  the  infection  could 
not  be  determined  without  the  assistance  of  bacteriology.  The  lungs 
did  not  present  the  lesions  which  the  pneumococcus  usually  produces 
therein.  It  is  well  known  to-day,  however,  that  the  pneumococcus 
is  capable  of  giving  rise  to  various  infections  without  pulmonary 
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•ations.  Numerous  facts  have  been  related  to  show  that  this 
■obe  frequently  reaches  the  nervous  centres.  It  is  not  strange, 
efore,  that  it  may  also  produce  spinal  localizations. 
he  pneumococcus  isolated  by  us  possessed  the  property  of  pro- 
ng in  animals,  as  it  had  done  in  man,  nervous  manifestations. 
»  of  our  rabbits  developed  paraplegia  under  its  influence.  It 
as,  therefore,  that  after  it  had  once  given  rise  to  spinal  disorders 
microbe  had  acquired  a  sort  of  elective  harmfulness  for  the 
rous  system.  A  study  of  this  fact  led  us  to  the  view  that  microbes 
'  become  accustomed  to  a  residence  in  certain  parts  of  the  organ- 
and  thus  always  manifest  a  tendency  to  localize  themselves  in 
same  tissue  in  a  predominant  or  exclusive  manner  (p.  101). 
dantile  Paralysis.  The  infectious  nature  of  infantile  paralysis  is 
blished  upon  a  fairly  large  number  of  cUnical  proofs.  The  spinal 
iptoms  have  at  times  developed  consecutively  to  a  well-deter- 
ed  infection;  at  other  times  they  have  been  observed  simulta- 
Jsly  in  a  number  of  children,  and  prevailed  in  an  epidemic  form 
ervations  of  Cordier,  Leegaard,  Medin,  Briegleb,  Cerversato, 
Aack,  Zappert).  These  epidemics  are  commonly  observed  during 
mer,  and  often  coexist  with  epidemics  of  polioencephalitis.  The 
ptoms  develop  at  once  or  in  consequence  of  some  infection,  such 
leasles,  scarlatina,  or  erysipelas.  It  is  not  an  easy  matter  to  say 
ther  acute  myelites  should  be  related  to  cerebrospinal  meningitis 
considered  as  due  lo  a  specific  microbe,  or  whether  they  are 
ed  by  ordinary  bacteria  the  pathogenic  role  of  which  has  been 
DDstrated  by  experimentation. 

le  same  reflections  are  applicable  to  the  acute  spinal  paralysis 
iults,  the  sjTnptoms  and  course  of  which  recall  exactly  those  of 
itile  paralysis  and  which  may  also  prevail  in  epidemic  form.  In 
■eport  given  by  Leegaard  fifty-four  individuals  were  affect  ed. 
greatest  number  of  cases  are  observed,  on  the  one  hand,  under 
years  of  age,  and,  on  the  other,  between  fifteen  and  nineteen 
s;  a  few  patients,  however,  were  above  thirty.  Of  the  fifty-fom* 
308  attacked,  twelve  recovered  completely;  thirty  retained  some 
lysis;  ten  remained  impotent,  and  two  died. 
ydites  in  Various  Infections.  Myelites  which  develop  in  the 
36  or  in  consequence  of  infectious  diseases  may  be  divided  into 
groups  according  as  they  are  diffuse  or  systematic, 
fuse  myeUtes  are  very  frequent,  but  they  may  at  times  be  so 
i  as  not  to  be  revealed  by  any  symptom.    Widal  and  Bezan9on 

27 
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have  found,  for  example,  alterations  in  the  cells  of  the  anterior 
horns  in  two  variolar  patients  who,  during  life,  had  not  presented 
any  spinal  symptom.  One  is  thus  led  to  ask  whether  certain  motor 
difficulties  experienced  by  convalescents  and  attributed  to  asthenia 
do  not  depend  upon  superficial  and  curable  lesions  of  the  spinal  cord. 

In  certain  instances  myeUtis  appears  at  the  beginning  of  an  Wee- 
tion.    Such  is  particularly  the  case  in  variola.    The  intense  back- 
ache of  which  patients  complain  indicates  the  early  participation  of 
the  spinal  cord  in  the  process.    There  may  be  nothing  more  than 
congestion.    It  is  known,  moreover,  that  backache  occurs  at  the 
onset  of  other  eruptive  fevers.    In  fact,  all  the  infectious  diseasee 
might  be  cited  in  this  connection.    Typhoid  fever,  influenza,  pneu- 
monia, erysipelas,  dysentery,  and  gonorrhea  are  among  the  most 
frequent.    Diphtheria  might  be  added,  although  authorities  arc 
greatly  inclined  to-day  to  refer  the  paralyses  of  this  disease  tc 
peripheral  neuritis. 

The  symptomatology  is  extremely  variable.    In  some  instances 
disorders  rapidly  develop,  as  in  acute  ascending  paralysis;  in  other 
cases  the  manifestations  are  at  first  diffuse,  but  subsequently  become 
localized  in  a  certain  part  of  the  spine.     At  times  the  victim  is 
paralyzed  in  the  lower  extremities  or  only  in  a  limited  part  of  the 
body.    In  the  presence  of  these  various  paralyses  the  question  arises 
as  to  whether  they  are  due  to  real  medullary  lesions  or  to  neuritis, 
neurosis,  or  hysteria.    The  question  often  remains  unanswered. 

There  can  be  no  doubt  in  the  case  of  a  well-determined  disease, 
such  OvS  tabes  dorsalis.    The  role  of  infection  in  the  genesis  of  this 
myelitis  is  incontestable.     Numerous  statistics  show  that  nearly 
all  sufferers  from  tabes  have  a  syphilitic  history.    This  fact,  ho^* 
ever,  does  not  warrant  the  conclusion  that  locomotor  ataxia  is  ^ 
syphilitic  disease,  since  it  does  not  respond  to  the  specific  treatmer^^' 
and  at  the  necropsy  no  lesion  is  found  presenting  the  characteristic 
of  syphilis.     In  nine  out  of  ten  cases  of  tabes  syphilis  is  said  to  ^ 
found  in  the  antecedents.     Granted.    The  tenth  case,  ho\\^ver^     ^ 
sufficient  to  prevent  tabes  from  being  held  as  a  sj^phiUtic  dise»-^* 
Syphilis  does  act,  but  only  as  an  auxiliary  cause.    Other  caiLs='^ 
could,  however,  play  the  same  role,  and  this  is  proved  to  be  tr""*^^ 
by  the  fact  that  a  great  number  of  infections,  such  as  pneumonJ^' 
typhoid  fever,  cholera,  variola,  etc.,  are  often  found  in  the  ante<^ 
dents  of  non-syphilitic  sufferers  from  tabes. 

We  must  likewise  note  that  progressive  muscular  atrophy  ensu<^ 
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sometimes  after  infections  such  as  typhoid  fever,  measles,  rheuma- 
tism, cholera,  and  pneumonia. 

Lastly,  Desnos  and  Babinski  have  shown  syphilis  among  the 
causes  of  sjningomyeUtis.  This  affection  has  sometimes  followed 
typhoid  fever,  rheumatism,  pneumonia,  gonorrhea,  or  even  a  simple 
bronchitis. 

Infectioas  Neurites. 

The  participation  of  the  peripheral  nervous  system  in  infectious 
processes  is  evidenced  by  the  frequency  of  nem-algias,  notably  facial, 
sciatic,  and  intercostal  neuralgias.  Acute  as  well  as  chronic  infec- 
tions often  give  rise  to  these  nervous  manifestations.  They  have 
been  observed  as  a  result  of  influenza  and  pneumonia.  I  have  met 
with  several  examples  consecutive  to  scarlatina  and  erysipelas. 
Their  frequency  in  malaria  and  s)rphilis  is  well  known.  In  all  cases 
of  rebellious  sciatic  nem^algia  the  cause  of  which  cannot  be  deter- 
Duned,  Landouzy  advises  a  search  for  tubercular  manifestations. 

Herpes  zoster  sometimes  develops  in  consequence  of  an  infection, 
notably  erysipelas  and  scarlatina.  The  frequency  of  primary  herpes 
ffl  certain  seasons,  the  febrile  movement  accompanying  it,  and  the 
inunimity  conferred  by  a  first  attack  seem  to  give  a  solid  basis  to 
the  opinion  that  this  eruption  depends  upon  an  infection  of  the 
nervous  system. 

The  motor  disorders  caused  by  peripheral  nem-itis  must  be  care- 
fully studied.  They  are  often  contrasted  with  similar  distiu-bances 
produced  by  medullary  lesions,  and  some  authorities  have  attempted 
to  establish  differential  characters  between  myelitis  and  neuritis, 
ft  is,  perhaps,  an  error  to  separate  too  widely  the  two  processes. 
•Oie  peripheral  alterations  possibly  depend  upon  some  central  lesion, 
though  the  latter  may  be  sUght  and  easily  escape  notice,  or  be 
'Appreciable  by  our  present  means  of  investigation. 

infectious  polyneiuites  are  often  divided  into  two  groups,  accord- 
^  as  they  occur  in  the  course  of  a  definite  disease  or  independently. 
Secondary  infectious  polyneurites  are  observed  in  connection  with 
'*'  acute  infections.  They  at  times  appear  in  the  course  of  chronic 
^^tions,  such  as  paludism,  tuberculosis,  syphilis,  and  leprosy. 
^  is  known  that  in  the  last-named  disease  the  bacilli  become 
^ized  in  the  nerves  and  there  produce  small  nodules. 
Primary  polyneurites  may  be  acute  or  chronic.  In  the  former 
■^  they  constitute  a  clinical  type  described  by  Leyden;  in  the 
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latter  instance  it  is  a  malady  of  hot  countries :  beriberi.  Balz  aD( 
Scheube  found  in  the  affected  nerves  a  diplococcus,  cultures  oi 
which  gave  rise  to  peripheral  neuritis  when  inoculated  into  dog 
and  rabbits. 

Acute  infectious  polsmeurites  sometimes  occur  in  epidemic  fcmn, 
as  Eisenlohr  has  observed  the  disease  in  Hamburg.  They  often  begifl 
suddenly  by  intense  pain  in  the  extremities,  notably  in  the  Ioto, 
and  are  attended  by  fever,  at  times  delirium,  insonmia,  and  a  certaii 
degree  of  stupor.  There  is  albmnin  in  the  lurine,  and  the  skin  ma) 
present  a  subichteric  aspect. 

Then  paralysis,  accompanied  with  shooting  pains,  supervenei 
Later,  sensation  is  diminished,  and  may  sometimes  advance  t 
anesthesia,  especially  at  the  periphery  of  the  limbs.  The  paralysi 
is  of  the  flaccid  kind,  without  contracture,  and  attacks  the  lowe 
extremities,  although  in  some  cases  it  may  assume  an  ascending  couR 
and  also  involve  the  upper  extremities.  The  muscles  soon  becoff 
atrophied,  while  fat  accumulates  in  the  subcutaneous  cellular  tissi* 
Tendon  reflexes  are  diminished  or  abolished.  Electric  contractilit 
of  the  muscles  is  generally  diminished,  the  reaction  of  degeneratic 
is  often  observed.  In  cases  in  which  the  pneimfiogastric  is  ii 
volved,  death  may  ensue  by  asphyxia  at  the  end  of  a  period  varyit 
from  six  days  to  a  month.  In  other  cases  the  process  is  arreste 
and  sul)sides ;  the  patient  recovers  completely  or  else  retains  son 
paralyses. 

Pseudotabetic  polyneurites  are  readily  distinguished  from  loc 
motor  ataxia  by  the  gait  of  the  patient,  the  legs  being  lifted  hig 
instead  of  groping,  by  the  absence  of  \'isceral  distiu'bances,  and  h 
favorable  evolution  of  the  lesions. 

Pseudotabes  has  been  observed  in  consequence  of  a  great  numN 
of  infectious  diseases,  and  notably  after  diphtheria  and  erj^ipela 
As,  however,  these  two  diseases  are  most  frequently  attended  b 
paral}iiic  manifestations  of  all  descriptions,  it  is  interesting,  to  devoi 
a  si)ecial  study  to  them. 

Diphtheritic  Paralyses.  In  my  personal  statistics  I  find  in  a  tot 
of  216  cases  of  diphtheria  in  adults  42  attacked  by  paralysis.  1 
39  of  these  the  palate  was  paralyzed,  in  12  the  extremities  we 
also  involved.  In  nearly  half  of  the  cases  paralysis  appeared  t\ 
to  fifteen  days,  exceptionally  three  to  four  weeks,  after  the  beginnii 
of  the  disease. 

Motor  disturbances  may  be  accompanied  by  disorders  of  sensati 
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and  of  the  senses.  One  patient  lost  taste,  so  that  sugar,  salt,  and 
qumiue  sulphate,  when  appUed  to  the  tongue,  had  a  slightly  sugary 
taste  to  him. 

Trousseau  has  laid  stress,  though  with  manifest  exaggeration, 
upon  the  wandering  character  of  diphtheritic  paralyses.  In  fact, 
one  is  at  times  astonished  at  modifications  occurring  suddenly.  A 
patient  under  my  observation  suffering  from  post-diphtheritic 
pseudotabes  was  almost  incapable  of  walking.  A  fire  occurred 
in  tiie  ward  where  he  was  lying,  and  soon  it  was  so  full  of  smoke 
that  those  who  ran  to  rescue  him  were  forced  to  fall  back.  Another 
attempt  was  about  to  be  made  when  the  patient  was  seen  coming 
out  quietly.  Under  the  influence  of  the  emotion,  paralysis  had 
suddenly  vanished,  and  recovery  proved  to  be  permanent. 

FatjJ  termination  results  from  the  entrance  of  food  into  the 
respiratory  tract.  This  accident  is  particularly  frequent  when 
the  glottal  muscles  are  paralyzed  coincidently  with  the  palate.  The 
result  is  a  bronchopnemnonia  or  a  pulmonary  gangrene,  invariably 
tenninating  in  death.  Death  occurs  by  asphyxia,  at  times  by 
syncope. 

It  is  to  be  noted  that  the  employment  of  the  esophageal  bougie, 
fw  from  preventing  the  passage  of  food  into  the  respiratory  tract, 
swnas  to  favor  this  accident;  the  fluids  introduced  into  the  stomach 
8re  soon  rejected  by  regurgitation,  and  enter  the  trachea.  I  have 
s^n  two  patients  succumb  in  this  manner. 

In  certain  cases  death  results  from  an  unexpected  attack  of 

^"ncope.    A  man,  twenty-five  years  of  age,  who  had  paralysis  of 

^^  palate,  died  suddenly  twenty-four  hours  after  the  beginning  of 

^^  disease.    Histological  examination  demonstrated  the  integrity 

®^  the  bulbar  centres  and  pneumogastrics,  but  revealed  a  diffuse 

^3^0carditis,  which  had  probably  played  the  principal  r61e. 

.   There  is  at  present  an  incUnation  to  believe  that  diphtheritic  angina 

the  only  kind  of  sore-throat  capable  of  giving  rise  to  paralyses. 

^^e  of  my  observations  show  this  opinion  to  be  exaggerated.    A 

^ixian,  of  twenty-five  years  of  age,  who  had  recovered  from  a 

™egmon  of  the  tonsil,  retained  a  paralysis  of  the  palate ;  the  fluids 

*^^^ed  through  the  nose,  and  the  patient  was  forced  to  incUne  the 

*^  backward  in  order  to  swallow.    This  paralysis  disappeared 

suddenly  four  days  later.    In  face  of  this  sudden  termination  one 

Daay  think  of  a  h3rsterical  phenomenon ;  no  stigmata  of  this  neurosis 

Were  found,  however. 
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Erjrsipelous  Paralyses.  Next  to  diphtheria  erysipelas  is,  perhaps 
the  disease  which  most  frequently  gives  rise  to  paralytic  disturb 
ances.  My  former  interne,  Dr.  Crochet,  made  an  excellent  study  o 
it  in  his  thesis  (1895). 

Trousseau  observed  impotence  of  the  dorsolumbar  muscles  coo 
secutively  to  diphtheria,  rendering  vertical  position  impossible, 
observed  a  young  girl  of  sixteen  years,  convalescent  from  a  sever 
ers^sipelas,  who  was  incapable  of  sitting  up  in  her  bed  or  raianghe 
head.  On  the  following  day  she  was  able  to  get  up  and  walk  irfie 
supported,  but  she  had  a  tabetic  gait.  There  was  also  a  persistd 
paralysis  in  the  nape  of  the  neck.  The  phenomena  were  gradual! 
ameliorated,  and  the  patient  recovered  in  a  fortnight. 

I  have  noticed  the  appearance  of  painful  spasms  and  maria 
impotence  in  the  lower  extremities  in  two  convalescents  from  er 
sipelas.  One  of  them,  a  woman  of  twenty-one  years,  without  ai 
nervous  antecedents,  suffered  from  shooting  pains  in  the  legs  aft 
an  erysipelas  of  moderate  intensity.  She  could  not  stand  on  h 
feet  for  more  than  five  minutes  at  a  time;  when  she  rose,  her  le 
remained  in  a  position  of  semiflexion,  and  her  head  fell  upon  h 
chest.  At  the  end  of  a  month  all  these  symptoms  were  atoic 
completely  cured. 

In  some  cases  peripheral  paralyses  occur.  A  manifestation 
frequent  occurrence  consists  in  a  combination  of  paralysis  of  tl 
lower  extremities  and  cutaneous  hyperesthesia  and  exaggerate 
reflexes.  In  some  instances  the  upper  extremities  are  also  involve 
Paralysis  of  accommodation  preventing  vision  at  close  range,  faci 
paralysis,  aml)lyopia,  and  diminution  in  auditory  acuteness  a 
likewise  among  the  possible  events. 

Scarlatinal  Paralyses.  Of  all  the  eruptive  fevers,  scarlatina 
the  most  often  productive  of  paralytic  disturbances;  still,  these  a 
rare.  In  a  total  of  2213  cases  I  found  only  four  cases  of  incompk 
paraplegia.  In  one  of  these  instances,  a  man,  who  suffered  frc 
scarlatinal  angina,  developed  paralysis  of  the  palate  on  the  seco 
day.  Three  days  later  the  lower  extremities  were  slightly  involve 
next  the  right  arm  was  attacked ;  movement  was  still  possible,  \ 
difficult  and  maladroit.  These  symptoms  disappeared  in  ten  da 
In  the  antecedents  of  this  man  was  found  the  occurrence  of  a  trai 
tory  paralysis  occurring  four  years  previously  as  a  result  of  sc 
work  done  in  compressed  air. 
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Post-infectious  Neuroses. 

The  influence  of  infection  as  an  occasional  cause  of  neuroses  is  at 
present  well  known.  In  most  cases  the  disorders  are  of  a  hysterical 
character.  In  a  man  convalescent  from  scarlatina  attacks  of  con- 
Tolaioos  occurred.  In  another,  anesthesia  of  general  sensation  and 
of  the  senses  developed  after  erysipelas.  In  still  other  cases,  trem- 
is  observ-ed;  such  was  the  case  in  a  man,  sixty-nine  years  of 
loae  trembhng  was  first  mistaken  as  paralysis  agitans.  The 
oscillations  of  the  forearms  were  repeated  140  to  150  times 
When,  howe\'er,  he  attempted  to  carry  a  glass  of  water 
tshcmouth  the  trembling  changed  its  character;  instead  of  ceasing 
liBring  the  movement,  as  is  the  case  in  paralysis  agitans,  the  range 
of  tb!  oscillations  was  exaggerated,  so  that  the  water  was  thrown 
sutaud  the  patient  struck  his  face.  The  patellar  reflexes,  on  the 
otier  hand,  were  diminished.  The  uncertain  diagnosis  was  singu- 
Wy  facilitated  by  the  study  of  Ids  antecedents.  He  l>elonged  to 
*  lamily  of  nervous  people.  His  father,  of  a  \'iolent  temper,  had 
Wnunitted  suicide  at  the  age  of  eighty-six  years,  because  he  had 
Iwome  incapable  of  riding  a  horse.  One  of  his  sisters  has  attacks 
ol  hjBleria.  During  his  long  hfe  he  had  been  sick  only  twice ;  he 
M  two  attacks  of  pneumonia,  and  here  is  the  curious  series  of 
Wnlenta  which  were  produced  by  these  infections : 

His  first  attack  of  pneumonia  occurred  in  1860,  at  the  age  of 

"liny-five  years.     While   being  treated   under  Bouillaud  he  was 

"jtijerted  to  blood-letting  fourteen  times  in  five  days.     In  spite  of 

siMh  treatment,  the  patient  was  too  agitated,  and  therefore  he  was 

""lit*-*!.    This  measure  irritated  him;  he  was  furious  and,  for  the 

'i'st  time  in  his  life,  he  had  a  nervous  paroxysm,  fought,  cried,  and 

^'iMilfid  in  profuse  sweating;  he  then  fell  into  a  sound  sleep.     On 

'*akening  the  following  day  he  noticed  that  he  could  not  move 

^  lower  extremities,  and  ha^l  retention  of  urine.     He  recovered 

'foin  his  pneumonia  two  days  later,  but  his  paraplegia  persisted 

iDiDodified.     For  a  year  and  a  half  he  wandered  from  hospital  to 

hwpital,  and  finally  was  admitted  into  the  wards  of  Behier,  who 

Ffscribed  douches  and  extract  of  valerian.     Recovery  was  complete 

in  forty-five  daj's.    The  man  resumed  his  occupation  and  again 

fcecame  as  quiet  as  ever,  no  longer  presenting  any  nervous  spells. 


'   Rnier.    Du  trpmblcineai  iij'sl^riiiue 
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Thirty-three  years  later,  in  1893,  this  man  had  another  attack  of 
pneumonia.  He  easily  recovered  from  it,  but  he  experienced  an 
increase  in  the  urinary  disorder  from  which  he  had  suflFered  for  some 
time  and  which  was  due  to  hypertrophy  of  the  prostate  glMid.  He 
was  convalescent  when  he  tried  to  catheterize  himself,  and,  not 
succeeding,  he  became  impatient,  and  suddenly  had  a  nervous 
paroxysm  sunilar  to  the  one  he  experienced  in  1860.  men  he 
became  conscious  he  found  his  extremities  trembling  intensely.  The 
lower  Umbs  were  rapidly  ciu'ed,  but  the  disorder  persisted  in  the 
upper  extremities,  and  it  was  for  this  reason  that  the  patient  asked 
to  be  admitted  into  our  wards  in  1893. 

There  can  be  no  doubt  as  to  the  hysterical  character  of  the  pheno- 
mena, both  paralyses  and  trembUng.  This  diagnosis  was  confirmed 
by  the  fact  that  our  patient  presented  a  sUght  right  hemianestheaia 
and  a  hysterogenic  zone  on  the  testicle  of  the  same  side.  "Hie 
absence  of  ocular  disturbances,  the  diminution  of  the  patellar  reflex, 
and,  on  the  other  hand,  the  absence  of  the  characteristic  stiffneas, 
were  not  consistent  with  the  idea  of  spinal  sclerosis  and  paralysis 
agitans,  diseases  the  coexistence  of  which  with  hysteria  is  not  iin- 
possible.  Fiu-ther  developments  fully  proved  the  correctness  of  oiff 
diagnosis.  We  prescribed  a  daily  dose  of  4  grains  of  extract  of 
valerian.  There  was  improvement  in  a  few  days.  One  day,  after 
catheterization,  the  patient  had  an  intense  febrile  paroxysm.  The 
fever  did  not  last,  but  exerted,  it  seems,  a  favorable  influence  upon 
the  nervous  symptoms,  which  gi^adually  diminished,  and  between 
June  27th,  the  day  when  the  fever  occurred,  and  July  3d  it  had 
almost  completely  disappeared.  He  could  hold  a  large  object? 
such  as  a  glass,  and  could  therefore  drink  all  right,  but  he  could 
not  control  his  movements  when  handling  a  small  article  like  a 
spoon,  and  hence  he  was  not  yet  able  to  eat  his  soup.  From  this 
moment  onward  I  noted  his  improvement  day  after  day,  by  causiDg 
him  to  \\Tite.  At  first  he  was  able  to  use  only  a  pencil,  and  later 
a  pen.  On  awakening  in  the  morning,  while  his  bladder  was  full 
he  \\Tote  with  great  difficulty;  the  characters  were  often  indented 
and  jagged  as  in  paralysis  agitans.  A  few  minutes  after  he  had 
been  catheterized  he  was  able  to  write  in  a  correct  manner.  These 
last  manifestations  also  gradually  vanished,  and  the  man  was  coiO' 
pletely  cured  by  the  end  of  July. 

Tliis  observation  seemed  to  me  interesting  in  more  than  oufi 
respect,  and  particularly  by  reason  of  the  conditions  which  governed 
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i  development  of  the  morbid  phenomena.  Here  is  a  man  who 
aented  no  hysterical  manifestation  whatever  mitil  the  age  of 
irty-five  years,  but  his  nervous  system  had  an  hereditary  taint.  A 
eumonia  supervened  and  broke  the  unstable  state  of  equiUbrium. 
mple  anger  sufficed  to  give  rise  to  the  gravest  manifestations. 
Iieii  order  was  again  restored  in  the  nervous  system,  and  the  man 
d  a  perfectly  calm  life  for  thirty-three  years,  until  at  the  age  of 
ity-nine  years — when  man  is  conunonly  secure  from  hysteria — 
pterical  incidents  once  more  occurred,  brought  about  by  similar 
uises.  Much  has  been  said  in  recent  years  regarding  the  r61e  of 
ifection  in  the  development  of  hysteria;  there  can  be  found  no 
bflenration  more  demonstrative  than  the  foregoing. 
In  this  connection  I  may  cite  the  case  of  a  young  girl,  aged  sev- 
ttteen  years,  who,  after  a  facial  erysipelas,  was  suddenly  attacked  by 
wnbling  in  the  lower  extremities  and  the  forearms.  A  few  months 
fter,  as  the  result  of  an  hysterical  attack,  the  trembling  suddenly 
isappeared.  This  abrupt  termination  and  the  appearance  of  hys- 
irical  attacks,  which  recurred  once  a  month  thereafter,  confirm  the 
iapiosis  of  post-infectious  hysterical  trembUng  made  in  the  old 
urn's  case. 

In  the  case  of  a  girl  eight  years  of  age,  five  days  after  recovery 

X)m  scarlatina,  choreiform  movements  with  anesthesia  in  the  ex- 

PMnities  of  the  left  side  made  their  appearance.    A  few  days  later 

well-marked  hysterical  paroxysm  occurred.    In  fifteen  days  all 

nnptoms  disappeared. 

Another  patient,  also  convalescent  from  scarlatina,  developed 
pasmodic  paraplegia  in  the  lower  extremities,  with  hyperesthesia, 
^figgeration  of  the  patellar  reflexes,  and  epileptoid  trepidation, 
'lese  manifestations  disappeared  within  a  fortnight. 
Among  hysterical  manifestations  observed  after  infections  I  may 
'ention  a  case  of  aphasia  following  measles  in  an  eight-year-old 
^d,  and  two  cases  of  astasia-abasia  following  scarlatina.  One  of 
^  latter  concerned  a  woman  for  ten  years  subject  to  hysterical 
^ks.  The  manifestations  soon  disappeared. 
^rilepsy,  Tetany,  Ohorea.  Like  hysteria,  epilepsy  may  appear 
consequence  of  acute  infections,  such  as  scarlatina,  measles, 
riola,  typhoid  fever,  and  in  the  course  of  chronic  infections — 
ludism  and  syphilis.  The  same  is  true  of  neurasthenia,  which  at 
568  develops  or  is  aggravated  after  infections.  Paralysis  agitans 
I  also  been  observed  on  the  occasion  of  a  t\T)hoid  fever,  acute 
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articular  rheumatism,  and  intermittent  fever.    Tetany 
noted  under  the  same  circumstances,  notably  after  the 
fevers,  cholera,  and  pneumonia.    Of  all  the  neuroses  choi 
most  frequently  under   these   conditions,     Rheumatic  ii 
since  rheumatism  is  now  admitted  to  be  an  infection — may( 
to  be  the  most  frequent  cause  of  chorea.     It  seems,  howBvi 
chorea  is  to  rheumatism  what  tabes  dorsali-s  is  to  syphilis:  | 
chief  occasional  cause,  nothing  more.    There  are  many  obsafl 
of  choreic  children  who  have  never  had  rheumatism,  but  in 
just  suffered  from  some  acute  disease,  an  eruptive  fever,  i 
measles,  typhoid  fever,  cholera,  whooping-cough,  or  inllueni 

In  a  total  of  300  chorea  cases  Triboulet  recognized  100 1 
who  developed  the  neurosis  in  consequence  of  some  infectifl 
the  other  hand,  on  tabulating  various  statistics,  I  fiml  rhesj 
in  the  etiology  of  chorea  in  only  22  per  cent,  of  the  c 
therefore,  be  concluded  that  rheumatism  plaj-s  a  considei 
but  is  far  less  imimrtant  than  many  authorities  assert. 

Infectious  Meningites.  The  meninges,  like  the  other  pi 
organism,  may  be  infected  primarily  or  secondarily.  The 
primary  meningitis  is  represented  by  the  epidemic  cei 
menin^tis  due  to  the  meningococcus  intracellularis  of 
baura.  Tills  pathogenic  agent  invades  the  economy  thi 
nasal  fossie.  Primary  meningitis  may  also  be  dependf 
common  bacteria:  it  is  usually  caused  by  the  pneuraoci 
represents  the  localization  of  a  bacteremia. 

The  investigation  of  microbes  in  meningitis  acquires  ti 
siderable  interest,  since  it  is  possible  to  puncture  the  spinal 
during  life  and  examine  the  spinal  fluid.  By  this  new  pF 
it  has  been  found  that  out  of  a  total  of  100  cases  of  meniq 
were  due  to  the  pneumococcus  (Netter).  This  micro-organi 
give  rise  to  primary  meningitis,  or  else  invade  the  meninges! 
quence  of  a  pulmonary  localization ;  meningitis  is  said  to  ooi 
in  two  hundred  cases  of  pneumonia.  The  pneumocoofl 
likewise  act  as  a  secondary  agent  in  the  course  of  another  il 
notably  erysipelas. 

Next  comes  the  streptococcus.  It  produces  the  meni] 
puerperal  infections  and  of  pyemias.  It  is  also  the  micrai 
commonly  found  in  meningitis  consecutive  to  lesions  in  ' 
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BicifJi,  notably  the  typhoid  bacillus,  FriedlaeiKier's  bacillus,  and 
the  bacillus  o{  influenza  may  also  induce  meningeal  inflammations. 
£iieumatic  meningites  seem  to  represent  a  localization  of  paeudo- 
rheumatisiUB — i".  c,  of  pyemias.  It  is  also  to  be  remembered  that 
tiff  association  of  these  various  microbes  in  the  same  focus  is  not 
an  uncoraiDon  event. 

.imoiig  the  tliseases  treated  in  our  wards,  erysipelas  furnished 
ibf  strangest  resulta.  In  a  total  of  2411  patients  we  observed 
three  cases  in  which  the  necropsy  disclosed  a  suppurative  meningitis. 
It  was  natural  to  refer  the  lesion  of  the  meninges  to  streptococcic 
infection;  bacteriological  examination  demonstrated,  however,  that 
thf  process  was  one  of  secondary  pneumococcic  infection. 

Ifeningitis  has  been  altogether  exceptional  in  connection  with 
ftther  infectious  diseases  treated  by  us.  We  find  only  four  obser- 
rations  of  tMs  kind,  which  are  very  few  in  view  of  the  large  number, 
7778,  not  including  erysipelas,  contained  in  our  general  statistics. 
In  two  instances  meningites  were  consecutive  to  suppurative  otitis, 
bflnence  of  Infection  upon  Neuropathies.  The  fact  that  an 
infection  may  give  rise  to  nervous  disturbances  has  repeatedly  been 
"efenwi  to.  It  produces  hysterical,  choreic,  epileptic  or  exoph- 
•UWc  manifestations  in  predisposerl  subjects.  Occasionally  it 
*foiii!es  a  past  disorder.  Thus  in  a  tabetic  subject  of  forty-five 
J*«s  of  age,  who  ha<I  a  syphilitic  history,  an  attack  of  erysipelas 
aii»fl  the  return  of  fulgurating  pains,  from  which  the  patient  had 
Kol  suffered  in  several  years.  In  other  instances  infection  engenders 
owbid  sjTnptorasin  apparently  healthy  individuals,  and  thus  reveals 
"» pxist«nce  of  a  latent  ilisease.  Such  was  the  case  in  a  man  of 
'firty-eight  years,  who  had  hafl  syphilis  twenty-six  years  before. 
After  an  attack  of  erysipelas  he  complained  of  very  intense  hyper- 
*8lhegia  and  lancinating  pains  in  the  lower  limbs.  Examination 
^  revealed  exaggerated  cutaneous  reflexes,  abohtion  of  tendon 
^tts,  inequality  of  the  pupils,  suppression  of  accommodation  to 
^t,  .-(light  ataxia  in  movements,  and  inability  to  walk  mth  closed 
^yw.  The  phenomena  of  cutaneous  hyperesthesia  soon  subsided, 
Wit  the  other  manifestation.?,  which  became  apparent  at  the  time 
ff  the  erj-sipelatous  attack,  continued  their  evolution. 

On  the  other  hand,  an  intercurrent  infection  may  cause  the  dis- 
appearance of  pre-existing  nervous  symptoms.  It  may  thus  act 
upon  h>-9teria.  epilepsy,  and  may,  perhaps,  even  improve  organic 
Ite&ons.    A  woman  of  forty-four,  who  had  been  treated  in  a  hospital 
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for  two  years  for  a  paraplegia  attributed  to  myeKtis,  came  urn 
observation.  During  convalescence  from  an  erysipelas  the  i 
which  had  been  abolished  reappeared,  paralysis  diminishe 
two  weeks  later  the  patient  walked  with  ease.  No  sensory  d 
or  hysterical  stigmata  existed  in  this  case.  Unfortunately, 
majority  of  cases,  amelioration  is  not  permanent.  Conti 
expectation,  infections  and  inoculation  of  microbic  toxins 
cure  epilepsy. 

Action  of  Infections  upon  the  Organs  of  Sense. 

The  study  of  the  organs  of  sense  usually  goes  with  that 
nervous  system. 

The  frequency  of  oculo-nasal  catarrh  at  the  beginning  of 
is  familiar.  It  figures  among  the  initial  symptoms,  and  is  c 
diagnostic  value.  It  may,  however,  be  absent,  or  so  sligh 
readily  escape  observation.  On  the  other  hand,  other  inf 
notably  scarlatina  and  variola,  are  sometimes  attended 
symptom  under  consideration.  The  physician  must,  there! 
awake  to  this  double  source  of  error. 

During  the  stationary  period  of  and  convalecsence  from  in 
diseases,  complications,  generally  of  a  suppurative  characi 
very  frequently  observed  in  the  various  organs  of  sense.  F 
rhinitis  occurring  in  scarlatina  is  sometimes  so  profuse  as  to 
glanders.  This  complication  is  quite  grave,  as  thirteen  of  su< 
ended  fatally. 

The  nasal  fossie  may  also  serve  as  entrance  to  many  other 
genie  goruLs.  In  several  instances  in  which  streptococci  had 
dered  slightly  purulent  inflammation  in  the  nose,  erysipelas  d( 
a  few  days  later.  The  development  of  streptococcic  derm; 
far  oftener  i)receded  by  coryza  than  by  angina. 

Ocular  suppurations  are  rare.  Catarrhal  conjuncti\atis 
quently  observed,  but  it  is  slight  and  transitory,  except  in  ' 
In  this  infection  conjunctivitis  is  frequent  and  grave.  Inflam 
too  often  extends  to  the  cornea,  and  opacity  may  be  pi 
within  twenty-four  hours.  This  involvement  may  occur  eve 
stagnation  of  the  septic  fluids  is  prevented  by  frequent 
Keratitis  may  be  superficial  or  ulcerative.  It  may  termi 
perforation,  with  hernia  of  the  iris,  or  the  infection  may  ex 
the  deeper  parts,  producing  purulent  disintegration  of  the  ( 
final  atrophy. 
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Erysipelas  also  may  give  rise  to  lesions  of  the  eyelids,  abscesses 
ul  even  gangrene,  but  all  these  subside  very  readily. 
Otitis  media  is  very  rare  in  variola.  Out  of  a  total  of  755  cases 
iding  in  recovery  I  find  it  noted  only  in  ten  instances.  Suppuration 
the  ear  is  sometimes  observed  in  erysipelas,  but  is  simply  an 
rolvement  of  the  external  ear,  and  is  devoid  of  gravity. 
In  the  majority  of  cases  otitis  occurs  at  the  end  of  the  disease  or 
ring  convalescence.  The  beginning  is  marked  by  pain  and 
astence  or  recurrence  of  fever.  Whether  the  tympanum  is 
ined  spontaneously  or  by  paracentesis,  the  symptoms  subside 
h  satisfactory  rapidity,  and  in  most  cases  recovery  is  obtained 
I  hearing  is  preserved  intact.  Some  patients,  however,  left  the 
pital  with  a  purulent  discharge.  In  some  rare  instances  otitis 
»  rise  to  alarming  manifestations.  One  patient  exhibited 
lingeal  disturbances  which  rapidly  yielded  to  the  influence  of 
aide.  Three  others,  suffering  from  post-rubeolar  otitis,  de- 
>ped  mastoiditis  and  were  transported  to  a  special  hospital, 
idly,  two  children  died  of  septicemia  as  a  result  of  post-rubeolar 
is. 

part  from  the  lesions  resulting  from  propagation  or  a  superadded 
ctioD,  disorders  which  seem  to  be  dependent  upon  some  toxic 
taral  lesion  may  sometimes  occur.  Thus,  during  convalescence 
a  the  most  varied  infections,  amaurosis,  optic  neuritis,  deafness 
i^ertigo  due  to  labyrinthine  lesions,  may  occur.  According  to 
statistics,  however,  such  manifestations  are  exceptional. 

Outaneous  Manifestations  in  Infections. 

1  the  course  of  infections  the  nutrition  of  the  skin  is  more  or  less 
oundly  distm-bed.  This  is  clearly  evidenced  by  the  dr3aiess  and 
uent  desquamation  of  the  integument,  even  in  the  absence  of 
)tive  fevers,  the  frequency  of  suppurations  and,  in  a  great  number 
istances,  the  secondary  disorders  occurring  in  the  adnexse  of  the 
"^the  loss  of  hair  and  the  trophic  alterations  of  the  nails,  which 
me  brittle  or  fissiu'ed.  These  various  manifestations  are  appre- 
le,  particularly  in  those  infections  which  have  a  certain  duration. 
^  are  most  readily  studied  in  typhoid  fever.  During  convales- 
J,  especially  in  children,  a  furfuraceous  desquamation  of  the 
sJ  regions  of  the  body  occurs. 

some  instances  the  cutaneous  infection  is  of  external  origin, 
sometimes  appears  alone.    At  other  times  it  occurs  in  connec- 
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tion  with  an  infection  wliich,  by  disturbiug  the  organism,  has  pUfl 
the  r61e  of  a  pretiisposing  cause. 

In  another  group  are  to  be  placed  those  cutaneous  infeo 
which,  unlike  the  preceding,  are  of  inward  origin,  and  are  efli 
from  within  outward.  The  same  microbes  are  sometimes  & 
in  both  cases,  and  tlie  svinptoms  also  may  be  identical,  i 
mechanism,  however,  is  altogether  different,  and  the  evol 
follows  a  course  peculiar  to  each  group.  The  cutaneous  U 
result  of  a  discharge  tending  to  throw  out  the  infectious  ; 
which  have  invaded  the  organism.  Not  only  the  figurate  eleia 
but  also  the  soluble  substances  are  thiis  eliminated  by  ti 
This  leads  us  to  a  third  group  of  manifestations — i.  e.,  sn 
or  comphcations  of  a  toxic  order  occasioned  by  the 
which  are  produced  in  the  economy,  and  may  be  compared  I 
similar  manifestations  observed  in  a  great  number  of  exogeiai 
toxications. 

Excepting  the  cases  in  which  the  pathogenic  agent  is  c 
inoculated,  as  occurs  in  tuberculosis,  glanders,  and,  at  t 
the  pyogenic  cocci,  the  apparently  spontaneous  development] 
cutaneous  lesion  is  always  referable  to  some  previous  disord 
the  organism.    There  has  been  an  infection,  some  digestive  d 
ance,  or  a  nutritional  disease,  such  as  diabetes.     In  subjec 
predisposed  there   may   often  be   found  .'5ome   occasional  i 
friction,  slight  traumatism,  biting,  superficial  excoriation,  &pf 
tion  of  irritating  substances,  exposure  to  physical  agents,  I 
and,  finally,  cold.     'WTiile  it  can  no  longer  be  admitted  that  0 
of  itself  sufficient  to  create  erysipelas,  it  is  certain  that  it  singu 
predisposes  to  it. 

One  remarkable  character  of  cutaneous  infections  is  the  fa^ 
witli  wlaich  they  return;  relapses  and  recidives  are  almost  t 
Repeated  recurrence  of  furunculosis  and  erysipelas  are  familiar 
trations  of  this  fact.  As  far  as  erysipelas  is  concerned,  it  is  a 
that  the  infection  is  not  terminated  after  an  apparent  recover] 
certain  vasomotor  disorders  persist.  These  disorders  are  s 
times  transitory  and  sometinnes  permanent.  In  the  formerir 
a  slight  occasional  cause,  a  movement,  an  emotion,  at  times  si 
the  exercise  involved  in  speaking,  is  required  in  order  to  cause  ti« 
face  to  become  scarlet.  In  other  cases  the  patient  retains  a  pefUi*' 
nent  red  color.  At  the  end  of  several  weeks  this  color  still  persisis- 
The  patient  believes  himself  completely  cured;  as  soon,  howe'i'M' 
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as  he  becomes  tired,  or  exposes  himself  to  cold,  a  new  attack  of 

erysipelas  occurs. 

llere  is  another  group  of  infectious  lesions  of  the  skin  which,  as 
ilready  stated,  are  due  to  microbic  discharge.  Pyodermias  are 
fiequent  in  children,  the  germs  commonly  penetrating  from  without. 
In  certain  cases,  however,  analogous  lesions  are  brought  about  by  a 
galactophoritis  of  the  mother:  the  pus  cocci  are  ingested  by  the 
child  with  the  milk,  and  are  subsequently  eliminated  by  the  skin, 
causing  the  development  of  pustules. 

Lesions  produced  by  microbic  eUmination  through  the  skin  are  at 
times  erythematous  or  papular.  The  type  is  furnished  by  syphilides. 
Tie  contagious  character  of  papular  syphiUdes,  at  least  when  they 
are  moist,  leads  to  the  conclusion  that  they  represent  a  localization 
of  the  morbid  agent.  A  similar  mechanism  has  been  suggested  with 
regard  to  the  lenticular  roseate  patches  of  typhoid  fever.  By 
puncturing  them  Neuhauss  claims  to  have  found  the  bacillus  of 
Eberth;  the  researches  of  Chantemesse,  however,  have  always  been 
negative. 

The  most  interesting  microbic  eruptions  are  those  of  varicella  and 

variola.    These  differ  clearly  from  each  other  by  their  objective 

characters.    In  varicella  the  eruptive  element  is  constituted  by  an 

obkng  bulla  with  irregular  borders  and  a  clear,  transparent  fluid. 

Ihis  bulla  is  an  elevation  of  the  most  superficial  part  of  the  skin, 

'rising  only  the  epidermis.    In  variola,  the  eruption  assumes  the 

form  of  a  papule,  then  that  of  a  pustule,  which  is  rounded,  hard,  and 

*ated  deeply  in  the  skin.    Varicellar  eruption  appears  in  successive 

outbreaks,  so  that  the  most  closely  situated  cutaneous  lesions  are 

of  different  ages;  crusts  are  found  alongside  of  transparent  bullae. 

^  variola  the  lesions  are  of  the  same  age,  at  least  in  the  same 

f^on;  for  the  eruption  may  already  be  crusty  upon  the  face  and 

l^ds,  while  it  is  yet  pustular  upon  the  legs.     It  is  also  to  be  re- 

^mbered  that  every  papule  does  not  follow  its  complete  evolution ; 

'^nce,  at  the  end  of    the  disease  the  appearance  is  not  exactly 

^'Diilar,  although  all  the  papules  may  have  appeared  simultane- 
>li8ly. 

^  banthemata  of  the  Eruptive  Fevers.  The  study  of  the  eruptive 
^vers  raises  a  few  problems  of  great  interest  which  cannot  be  solved 
^  a  definitive  manner  imtil  the  microbic  agents  producing  them  are 
Qiown.  For  the  time  being  a  few  considerations  may  be  presented 
n  this  subject. 
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The  eruption,  which  is  considered  so  characteristic  of  the  group 
of  eruptive  fevers,  is  not  indispensable.  There  are  on  record  numer-  ; 
ous  cases  of  slight  fevers,  of  measles  and  notably  of  scarlatiiia, 
without  cutaneous  manifestations.  On  the  other  hand,  epidemio- 
logical investigations  have  shown  that  individuals  have  contracted 
scarlatina  from  patients  who  suffered  simply  from  anginas;  on  the 
other  hand,  scarlatinal  patients  have  transmitted  simple  anginas. 
Several  of  our  nurses  attending  scarlatina  patients  have  suffered 
from  sore  throats  without  any  eruption  or  desquamation  whatever. 

In  order  to  explain  these  facts,  several  hypotheses  may  be  ad- 
vanced. These  apparently  non-scarlatinal  anginas  are  either  sli^t 
scarlatinas,  or  else  a  common  microbe,  the  streptococcus,  exalted  in 
the  throat  of  a  scarlatinal  patient,  may  produce  an  angina  in  oilier 
individuals.  On  the  other  hand,  the  microbe  of  a  simple  angina 
may  favor  the  development  of  the  scarlatinal  germ.  Finally, 
another  hypothesis  consists  in  considering  scarlatina  as  dependent 
upon  a  streptococcus  which  gives  rise  to  typical  scarlatina  or  to  a 
simple  angina,  as  the  case  may  be. 

If  the  last  theory  is  admitted,  scarlatina  would  accordingly  be 
an  angina  with  erythema.    Several  arguments  may  be  advanced  ift 
support  of  this  conception.    Even  leaving  aside  those  arguments 
which  could  be  derived  from  the  etiology,  the  cases  of  simple  anginas 
with  erythema  may  still  be  cited.   These  are  not  cases  of  scarlatina, 
since  the  eruption  has  not  the  same  objective  charact-ers,  no  desqua- 
mation takes  place,  and  the  tongue  is  not  red  and  raw-looking. 
Moreover,  the  eruption  is  contingent,  and  the  skin  does  not  contain 
the  germ  of  the  disease :  the  microbe  is  found  in  the  saUva.   Finally, 
when  the  throat  affection  is  absent,  and  this  is  exceptionally  the 
case,  there  exists  a  mierobic  focus  where  the  erythogenic  toxins  are 
elaborated;  it  is  a  cutaneous  or  mucous  membrane  wound,  as  in 
surgical  and  i)uerperal  scarlatinas.     On  the  other  hand,  bacterio- 
logical investigations  detect  in  the  throat  and,  if  the  patient  dies, 
in  the  blood,  in  case  of  a  complication  occurring  in  the  secondan' 
fociLs,  one  and  the  same  microbe.     This  microbe  is  likewise  found 
in  the  urine  in  case  of  nephritis.     The  microbe  in  question  is  the 
streptococcus,  which  is  held  by  some  to  be  a  common  one;  by  others? 
one  possessed  of  special  characters.     It  is  conceivable  that,  taking 
ground  on  these  facts,  certain  authorities  should  have  considered 
scarlatina  as  a  streptococcic  infection;  a  mierobic  focus  is,  in  ino^ 
cases,  developed  in  the  throat,  and  the  toxins  which  are  there  pr^ 
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iced  give  rise  to  the  erythema,  the  importance  of  the  eruption 
us  being  reduced  considerably.  Such  is  the  view  advanced  first 
r  Klein,  and  subsequently  well  developed  by  Berg6. 
He  hypothesis  is  seductive.  For  its  demonstration,  however,  it 
ould  be  established  that  the  organism  of  an  individual  suffering 
)mor  cured  of  scarlatina  exerts  a  special  influence  upon  the  strepto- 
CCU8.  The  agglutinating  action  of  the  serum  of  scarlatinal  patients 
ould,  for  example,  be  studied.  The  streptococci  of  scarlatina, 
iwever,  do  not  occur  united  in  masses,  and  it  is,  therefore,  difficult 
study  their  agglutination.  At  my  suggestion.  Dr.  Courtain 
tempted  to  inject  into  rabbits  the  urine  of  scarlatinal  patients,  and 
)ticed  that  at  the  end  of  some  time  the  serimi  of  these  animals 
xjuired  a  certain  protective  power  against  the  streptococcus  of 
afflatina.  The  experiments  of  the  author,  however,  are  not  yet 
iffidentlv  nimierous  to  render  the  results  conclusive. 
The  same  reasoning  is  appUcable  to  measles.  This  disease  is 
jpedaDy  contagious  in  the  catarrhal  stage  prior  to  the  appearance 
:  the  eruption.  This  fact  leads  to  the  question  whether  the  process 
iK)t  an  infection  of  the  nasal  mucous  membrane  giving  rise  second- 
%  to  a  toxic  erythema.  The  researches  of  Dr.  Lesage  seem  to 
wifirm  this  view. 

Mechanism  and  Variability  of  Infectious  Erythemata.  The 
equency  of  erythemata  in  the  course  and  as  a  result  of  the  most 
tfied  infections  demonstrates  that  microbic  toxins  exert  a  very 
arked  influence  upon  the  vasomotor  centres.  They  stimulate  the 
»odilators  and  enable  them  to  react  with  the  greatest  facility, 
lave  abeady  referred  to  a  new  proof  of  this  action,  viz.,  the  cutane- 
B  redness  persisting  after  erysipelas. 

This  action  of  infections,  and  notably  of  streptococcic  infections, 
counts  for  the  curative  influence  exerted  by  some  of  them.  Rebel- 
^  skin  lesions,  ulcers  uj)on  the  legs,  and  lupuses  have  l^ecn  seen 
heal  in  consequence  of  an  intercurrent  erysipelas.  On  the  other 
id,  vasomotor  disturbances  may  awaken  dormant  lesions ;  in  one 
e  an  erj^ipelas  of  the  face  seemed  to  renew  an  eczema  of  the 
ids.  In  a  man,  twenty-three  years  of  age,  erysipelas  provoked 
enewal  of  papular  syphiUdes.  This  man  had  suffered  a  year 
)re  from  an  indurated  chancre  and  a  roseola.  The  fresh  cutaneous 
aifestations  jaelded  in  a  week  to  specific  treatment, 
he  erythema  of  eruptive  fevers  varies  in  intensity,  sometimes 
lout  any  apparent  cause,  sometimes  for  reasons  that  are  readily 
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comprehensible.  Thus  in  children  suflfering  from  whooping-cou(j|i 
the  rubeolar  eruption  is  remarkable  for  its  intensity.  I  had  tte 
opportunity  to  observe  two  patients  who  had  been  taking  copaivi 
for  a  few  days  for  gonorrhea.  This  medicine,  which  is  capable  of 
producing  erytheraata,  imparted  some  particular  characters  to  tte 
eruption  of  an  intercurrent  measles.  One  of  them,  eighteen  yean 
of  age,  presented  an  eruption  remarkable  for  the  existence  of  very 
large  patches  of  red  piuple  color  on  the  chest,  abdomen,  and  the 
extremities.  The  modification  was  more  profound  in  the  other  case, 
a  young  man  twenty-one  years  old,  who  had  upon  his  face  the 
classical  eruption,  while  upon  the  thorax  the  lesions  were  confluent 
and  intensely  red,  recalling  the  exanthema  of  scarlet  fever;  upon 
the  abdomen,  thighs,  and  arms  were  seen  extensive  slightly  ecchy^ 
motic  patches  of  a  livid  red  hue,  disappearing  incompletely  on 
pressure. 

In  some  instances  the  intense  congestion  terminates  in  hemorrhage. 
The  eruption  is  then  sUghtly  petechial,  though  there  may  be  no  other 
serious  manifestation.  In  certain  cases  of  scarlatina  or  measles  the 
eruption  does  not  disappear  on  pressure;  the  skin  becomes  white, 
but  a  multitude  of  small  red  spots  can  be  seen.  These  minute 
hemorrhages,  even  when  extensive,  have  no  grave  significance. 
Similarly,  in  variola  the  so-called  scarlatiniform  rash,  which  has 
been  well  distinguished  from  true  hemorrhagic  rash,  disappears  only 
in  an  incomplete  manner  on  pressure.  In  more  severe  cases  veritable 
cutaneous  hemorrhages  occur.  They  are  sometimes  more  or  less 
extensive  ecchymoses;  at  other  times,  well  rounded  and  localiied 
spots.  These  characterize  a  special  dermatological  type — purpura-^ 
which  in  some  cases  appears  as  an  isolated  manifestation,  constitut- 
ing infectious  purpura,  and  in  other  instances  as  a  sjTnptora  in  the 
course  of  a  disease,  such  as  measles,  scarlatina,  and  esp)ecially  variola. 

Relationship  Between  Intensity  of  the  Eruption  and  Oravity  of 
the  Disease.  Barring  certain  cases  in  which  the  eruption  is  incoW" 
plete,  others  in  which  the  cutaneous  manifestation  seems  to  subside 
rather  too  soon,  for  instance,  when  the  eruption  of  measles  disappears 
on  the  appearance  of  a  bronchopneumonia,  it  may  be  broadly 
stated  that  the  more  profound  the  infection  the  more  intense  is  the 
exanthema.  We  do  not  say  graver,  since  it  is  hardly  possible  to 
establish  a  j^erfect  equation  between  the  intensity  and  the  gravity 
of  a  case.  Variola  alone  is  an  exception  to  this  rule.  In  this 
infection  prognosis  is  to  be  based  upon  the  character  of  the  eruptioi^ 
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er  than  upon  the  general  phenomena.  We  have  often  seen 
orrhagic  variola  occur  in  patients  whose  state,  at  our  morning 
i,  seemed  to  be  excellent ;  there  was  no  high  fever,  delirium,  or 
ked  pain;  all  that  could  be  noted  was  a  Uttle  toxic  dyspnea, 
w  hours  later,  dyspnea  was  intensified,  and  before  the  end  of  the 
the  patient  was  dead,  retaining  consciousness  to  the  last.  By 
Dg  into  serious  account  the  eruption  it  is  possible  to  make  a 
pwsis  which  is  always  verified  by  the  events,  but  which  astonishes 
e  who  have  never  observed  an  epidemic  of  variola. 
1  the  suppurative  forms,  likewise,  the  prognosis  must  be  based 
Q  the  intensity  and  coiu-se  of  the  eruption. 
; is  customary  to  divide  variolas  into  two  varieties:  true  variolas 
varioloids,  according  as  the  pustule  evolves  or  aborts.  It  is 
»ary  to  remark  that  in  varioloid  the  eruption  does  undergo 
iulation.  While,  however,  in  variola  the  pustule  ruptures,  and 
mtward  suppm^ation  is  produced,  attended  by  secondary  fever, 
arioloid  the  pustules  remain  closed.  These  dry  and  are  covered 
I  a  brown  crust;  but  since  they  do  not  run  a  course  of  complete 
utioD,  the  fever  of  suppuration  is  lacking, 
ccording  to  the  intensity  of  the  eruption,  true  variola  is  said  to 
liscrete,  coherent,  or  confluent.  The  elements  of  eruption  may 
jonfluent  from  the  first,  or  may  later  become  so  by  fusion  and 
rth.  As,  however,  the  intensity  of  the  eruption  varies  according 
le  territories  observed,  it  has  been  agreed  that  the  epithet  must 
ipplied  according  to  the  state  of  the  eruption  upon  the  face, 
ill  events,  the  eruption  is  generally  abundant  upon  the  face; 
those  cases  in  which  a  previous  irritation  has  made  another 
of  the  skin  the  point  of  attraction  must  be  excepted, 
is  necessary  to  consider  the  condition  of  both  the  skin  and  of  the 
)us  membranes.  A  profuse  eruption  in  the  throat,  by  embar- 
Dg  deglutition,  hinders  alimentation  and  greatly  aggravates 
QOffls.  Not  only  the  niunber  but  the  evolution  of  the  lesions  is 
to  be  taken  into  account.  If  the  pustules,  even  though  very 
;roi]s,  remain  well  separated  and,  as  a  result  of  the  swelling  of 
Idn,  do  not  become  confluent,  recovery  is  probable.  Not  infre- 
tly  these  pustules  are  filled  with  a  yello\rish  fluid,  grow  and 
ae  an  acne-Uke  aspect;  this  is  also  a  favorable  symptom.  On 
ther  hand,  when  there  is  no  edematous  swelling  in  the  face  and 
J,  when  the  pustules  touch  each  other,  and  ])articularly  when 
fuse,  the  prognosis  is  bad. 


occurring  tardily  in  certain  pustules,  notably  in  those  o 
and  feet,  are  compatibk'  witii  a  favorable  prognosis. 

Consequences  of  Cutaneous  Infections.  According  to  ^ 
of  the  process,  the  cutaneous  manifestations  hitherto  deafl 
disappear  without  leaving  any  traces,  or  may  he  followed  bj 
Erythemata,  exudative  infianunations,  even  when  thejj 
turbed  the  cutaneous  nutrition  to  the  extent  of  producinj 
desquamation,  are  connpletely  cured,  Wlien,  however,  i 
edematous  forms  of  dermatites  are  repeated,  a  certai 
pachydermia  may  be  a  sequel.  This  occurs  especially] 
sipelas.    In  some  cases  the  lobule  of  the  ear,  in  oth^ 
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I  lanaius  thickened.  In  the  case  of  a  little  girl  of  ten  years  (Fig.  33), 
lio  had  several  attacks  of  erysipelas  in  three  years,  developed  post- 
oysipelatous  pachydermia  of  the  face.  As  may  be  seen  in  the 
%ure,  her  cheeks  remained  swollen,  the  upper  lip  protruding,  and 
the  eyelids  were  so  deeply  infiltrated  as  to  partially  cover  the  eye- 
Wb.  The  visage  had,  however,  retained  all  its  mobility  and  the 
child  all  her  intelligence.  This  morbid  state  could,  therefore,  readily 
be  distinguished  from  pachydermia  resulting  from  thyroideal  in- 
competency. 

Without  dwelling  upon  the  vesiculobulbar  infections  and  suppu- 
ntive  and  gangrenous  lesions  which  are  almost  invariably  followed 
by  cicatrices,  I  shall  only  remark  that,  while  the  eruptions  of  herpes 
evolve  without  leaving  any  traces,  the  eruptions  of  herpes  zoster 
tenninate  in  cicatrices  remarkable  for  their  pigmentation  and  the 
ftnsor)'  disorders  surroimding  them. 

Clinical  observation  seems  to  demonstrate  that  the  sebaceoics 
ihnds  are  particularly  involved  in  variola.  The  cicatrices  are 
Specially  abundant  and  deep  where  these  glands  are  most  pro- 
ftjsely  distributed,  namely,  upon  the  forehead  and  nose.  lu  some 
patients  convalescent  from  grave  variola  we  have  noticed  the 
persistence  of  whitish-yellow  productions  after  the  crusts  had 
^pped  off,  which  are  nothing  else  than  altered  sebaceous  products, 
*t  times  simulating  pustules.  They  may  last  for  two  or  three 
Dionths. 

The  Sudoral  Secretion.  Vasomotor  modifications  may  properly 
"^  distinguished  from  secretory  changes  on  the  ground  that  while 
^taneous  congestion  certainly  favors  j^rspiration,  diaphoresis  may 
^ften  be  observed  in  conditions  of  vasoconstriction;  the  expression 
cold  perspiration ''  well  indicates  this  peculiar  state. 
Certain  infections  have  the  property  of  diminishing  considerably 
*he  sweat  secretion.  The  skin  becomes  dry.  as  is  the  case  in  scar- 
1^^  and  in  most  of  the  grave  infections.  The  return  of  moisture 
•*  a  prognostic  sign  of  importance.  On  the  other  hand,  there  are 
*^  infections  diseases  attended  by  such  profuse  sweating  as  to 
^titute  a  source  of  particular  discomfort  for  the  patient.  The 
bpe  of  such  infections  is  represented  by  sudor  anglicus,  the  sufferers 
^m  which  seem  to  be  plimged  in  a  vapor  bath.  Tlie  same  is 
Served,  though  to  a  less  degree,  in  acute  articular  rheumatism. 
lere  are  also  certain  diseases  in  which  the  sweating  occurs,  not 
tiring  the  entire  course,  as  in  the  preceding  examples,  but  at  a 
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certain  moment  of  the  evolution  of  the  disease.  Malarial  as  idl 
as  symptomatic  intermittent  fevers  present  a  stage  of  sweating  it 
the  end  of  each  paroxysm.  Such  is  the  case  in  paroxysms  due  to 
deep-seated  suppurations  and  pyemic  conditions. 

Sweating  may  become  manifest  at  certain  moments  in  the  coui» 
of  typhoid  fever;  in  general,  however,  patients  do  not  compba 
much  of  perspiration.  Along  with  the  habitual  form  of  typhoid 
may  be  placed  a  sudoral  type,  well  described  by  Jaccoud — ^from  tlie 
very  beginning  sudoral  paroxysms  are  observed,  which  recur  during 
the  entire  course  of  the  disease,  and  at  times  persist  during  cod- 
valescence. 

Perspiration  is  quite  copious  in  measles  and  discrete  variola,  bttk 
is  absent  in  grave  cases  of  the  latter  infection.  Finally,  copooi 
sweating  is  frequent  in  tuberculosis,  in  which  disease  it  often  ^pean 
from  the  beginning  of  the  infection,  and  presents  the  peculiar  dwtf^ 
acter  of  being  produced  during  the  night,  or,  more  exactly,  during 
sleep  and  on  awakening.  It  is  generally  locaUzed  to  the  chest,  and 
annoys  the  patient  considerably ;  hence  clinicians  are  now  generally 
agreed  that  it  should  be  combated  by  means  of  antidiaphoretics. 

Cold  perspirations  must  not  be  overlooked.  The  skin  is  coldf 
pale,  sometimes  bluish;  certain  regions,  notably  the  forehead  and 
the  hands,  are  covered  with  a  viscid  perspiration.  This  state  is 
observed  in  cases  of  collapse,  asphyxia,  and  in  the  agonal  stage  of 
all  infections.  It  is  marked  in  choleric  patients  succumbing  in 
collapse  as  well  as  in  diphtheritics  suffocating  by  reason  of  a  laryn- 
geal pscudomembrane. 

We  have  too  little  information  as  to  the  chemical  constitution  of 
sweat  in  the  course  of  diseases  to  know  whether  it  serves  to  eliminate 
toxic  principles.  Such,  however,  seems  to  be  the  fact  in  the  ligk^ 
of  investigations  pursued  by  Arloing,  Charrin,  and  Ma\TOJannis 
concerning  the  toxicity  of  this  secretion.  It  is  further  knovsTi  th** 
perspiration  may  serve  to  eliminate  bacteria;  in  the  course  of  s^P^' 
cemias  and  i)yeniias  sweat  glands  have  more  than  once  been  found 
capable  of  excreting  the  staphylococcus  aureus. 

The  Muscular  System  in  Infections. 

Typhoid  fever  is  the  only  disease  in  which  the  anatomical  modi' 
fications  undergone  by  muscles  in  infections  have  been  studio* 
The  muscles  of  individuals  dead  from  typhoid  are  dark  red,  ^^ 
look  dry  and  bloodless  on  section.    Three  varieties  of  degeneration 
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ted  under  the  microscope :  granular,  waxy,  and  vacuolar, 
rolve  only  the  contractile  substance,  while  the  nuclei  and 
m  surrounding  the  latter  proliferate.  Alongside  the  degen- 
)res,  however,  there  are  found  others  manifesting  cellular 
1  well  described  by  Krosnig  and  by  Durante.    This  is  a 

the  fibre  to  its  embryonic  state.    This  modification  will 

be  found  in  all  infections,  and  will  confirm  with  reference 

luscular  tissue  the  law  of  rejuvenation  of  the  organism, 

8  aheady  explained  many  other  modifications  occuning  in 

«  of  the  most  varied  infections. 

uscular  alterations  account  for  the  occurrence  of  partial 
and  the  production  of  hemorrhagic  foci  and  even  muscular 
.  It  is  known,  however,  that  suppurative  myositis  is  an 
of  very  rare  occurrence. 

of  the  Oolon  Bacillus  Toxins  Upon  Moscular  Oontractility. 
.  be  interesting  to  inquire  as  to  functional  modifications 
;  in  the  course  of  infections  and  first  to  determine  the 
exerted  by  microbic  toxins.  My  researches  on  the  secre- 
the  colon  bacillus  elucidated  the  action  of  toxins  upon  the 
itres  as  well  as  upon  the  muscular  tissue.^  It  will  be  re- 
d  that  the  colon  bacillus  toxin  when  injected  into  frogs 

a  poisoning  which  may  be  described  as  follows:  first, 
wesis;  then,  convulsions,  and  finally,  terminal  paralysis. 
'  excitabihty  is  not  modified  or  is  slightly  increased  during 
period.  At  the  end  of  the  second  period  important  modi- 
are  observed:  when  a  series  of  excitations  are  caused  either 
;  directly  upon  the  muscle  or  through  reflex  action — i.  e., 
dng  the  electrodes  at  more  or  less  distant  points  of  the 
I,  relaxations  follow  contractions  with  remarkable  slowness, 
hese  contractions  very  closely  approach  a  state  of  tetanus. 
|r  readily  be  seen  by  comparing  the  lines  of  Fig.  34.    The 

represents  the  normal  contractility  of  the  muscle  under 
ence  of  a  faradic  current,  the  others  represent  the  modi- 

imder  the  influence  of  toxins  administered.  These  lines 
Dgous  to  those  given  by  fatigued  muscles.  These  experi- 
low  that  the  colon  bacillus  secretes  in  bouillon  a  poison 
of  affecting  the  spinal  cord  and  the  muscles — i.  e.,  the 
r  tissue  itself  or  the  terminations  of  the  motor  nerve. 

Etude  8ur  la  toxicity  des  produits  solubles  du  Bacillus  coll  communis. 
e  ph3r8iologie,  1893. 
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The  foregoing  facts  have  been  confirmed  by  Charrin  and  Mias 
Pompilian.^    These  authors,  experimenting  with  the  pyogenic  and 
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Contractility  of  the  normal  (A)  and  of  the  poisoned  muscle  (B  and  C). 

diphtheritic  toxins,  observed  modifications  in  contraction  resembling 
those  produced  by  fatigue. 

Infectious  Osteopathies  and  Arthropathies. 

The  considerations  wiiich  we  have  presented  in  reference  to 
modifications  of  the  bone-marrow  in  the  course  of  infections  explain 
the  development  of  certain  disturbances  and  pains  in  the  limbs  or 
in  the  epiphyses  of  the  joints,  and  account  for  the  rapid  growth 
often  observed  in  young  subjects  during  convalescence.  It  may 
likemse  be  asked  whether  the  lesions  occurring  in  the  course  of 


^  Charrin  and  Mile.  Pompilian.        Influence  des  toxines  microbiennes  sur  la  contrac- 
tion musculaire.    Soc.  de  biologic,  November  28,  1896. 
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gastrointestinal  disorders  play  a  rdle  in  the  production  of   certain 
lesions  in  youth,  notably  rachitism. 

I>r.  Poncet  has  recently  called  attention  to  a  tubercular  pseudo- 
rheumatism   which  presents   characters  similar  to  those   of  true 
rheumatism.    A  few  years  since  I  observed  a  case  of  this  kind.     I 
'was  called  to  see  a  young  girl,  sixteen  years  of  age,  who  had  suffered 
for  five  or  six  days  from  violent  pain  in  the  tibiotarsal  joints.    The 
case  had  been  diagnosed  as  acute  articiflar  rheumatism.     In  fact, 
I   found  the  affected  joints  swollen,  the  skin  white  and  slightly 
edematous,  and  movement  almost  impossible.     On  a  closer  ex- 
amination I  learned  that  the  patient  had  emaciated,  and  I  was  struck 
by   her  facies,  pallor  and  dyspnea.     On  examining  the  thorax  I 
found  a  serous  pleiuisy  which  had  insidiously  developed.    Then, 
remembering  that  the  sister  of  this  patient  had  died  from  acute 
miliary  tuberculosis  two  years  before,  I  attributed  all  the  present 
symptoms  to  tuberculosis.    As  a  matter  of  fact,  the  articular  affec- 
tion was  cured  in  a  week,  the  pleuritic  exudate  was  more  slowly 
absorbed,  but  at  the  same  time  pulmonary  lesions  developed,  ending 
fatally  four  months  later.     It  is,  therefore,  well  to  remember  that 
temporary  tubercular  fluxions  comparable  to  certain  pleurisies  and 
slow  tj'pes  of  hydrarthroses  and  white  tumors  may  occur  in  the 
articulations. 

Among  acute  infections  most  frequently  attended  by  articular 
sjinptoms  scarlatina  occupies  an  important  position.  Few  patients, 
at  least  among  adults,  escape  this  quite  painful  but  not  grave  com- 
plication. A  day  or  two  after  the  eruption,  patients  complain  of 
difficulty  of  moving  the  fingers,  and  it  may  be  seen  that  the  joints 
of  the  phalanges  are  swollen  and  painful.  The  wrist-joint  is  also 
frequently  involved,  but  the  larger  joints  are  rarely,  if  ever,  affected. 
It  is  well  to  add  that  these  arthropathies  are  far  more  frecjuently 
observed  in  women  than  in  men,  and  are  at  times  accompanied  by 
muscular  pain  and  hyperesthesia.  In  some  instances  these  com- 
plications appear  during  convalescence,  and  then  present  a  very 
different  localization:  they  affect  especially  the  knee-joint  and  then 
the  shoulders.  ^Vhether  early  or  tardy,  these  arthropathies  behave 
like  those  of  true  rheumatism:  they  do  not  suppiu-ate. 

In  measles  arthropathies  are  rare;  and  the  same  is  true  as  regards 
variola.  In  the  latter  disease  the  affected  joint  may  suppurate,  and 
its  history  is  the  same  as  that  of  multiple  suppurations  produced 
by  this  disease. 
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Heart.  Modifications  in  the  Pulse  During  Convalescence.  The  Non-organic  Xv 
murs.  The  Action  of  Microbic  Toxins  upon  the  Heart  and  Blood  Pressure.  Infoc 
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Infections  in  the  Development  of  Arteriosclerosis.  Action  of  Infections  upon  tk 
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opathies.    Remote  Consequences  of  Infections  of  the  Respiratory  Apparatus. 

Influence  of  Infections  upon  the  Oirculatory  Apparatus. 

Functional  Disorders  of  the  Heart.  The  action  of  infections  upo 
the  heart  may  be  expressed  by  two  kinds  of  phenomena — function 
disturbances,  and  lesions.  The  high  temperatiu-e  may  be  hel 
responsible  for  the  functional  disorders.  In  fact,  when  the  bodil 
temperature  rises,  no  matter  by  what  procedure,  the  pulse  is  acce 
erated.  The  increased  activity  of  combustion  evidently  results  i 
acceleration  of  the  respiratory  movements  and  cardiac  pulsation* 
in  this  manner  elimination  of  the  waste  products  resulting  from  tb 
exaggerated  organic  combustion  is  assured. 

H\^3erthermia,  however,  does  not  represent  the  only  facte 
accountable  for  the  accelerated  heart  beats,  since,  if  such  were  tl 
case,  the  pulsations  should  always  present  the  same  frequency 
the  same  temperature.  It  is  true  that,  in  adults,  each  degi 
centigrade  of  thermal  rise  admittedly  corresponds  to  an  increase 
ten  j)uLsations.  For  instance,  if  the  temperature  rises  to  105.8^ 
(41°  C),  the  pulse  rises  from  80  to  120.  Such  is  not  always  the  c* 
however.  Certain  fevers  induce  greater  acceleration  of  heart  b^ 
than  others.  For  instance,  in  scarlatina  the  pulse  is  far  more  r^ 
for  the  same  degree  of  temperature  than  in  other  infections.  It 
therefore,  probable  that  toxins  directly  or  indirectly  influence 
movements  of  the  heart.  It  is,  moreover,  known  that  an  unus 
acceleration  in  the  heart  beats  in  the  course  of  an  infection  sugp 
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BODoe  complication — paralysis  of  the  nerve  centres,  myocarditis,  a 
visceral  lesion,  a  profuse  hemorrhage,  and,  in  typhoid  fever,  an 
intestiDal  perforation. 

During  convalescence  a  subnormal  temperature  often  coincides 
with  a  pulse  less  rapid  than  normal.  Some  patients,  especially 
children,  may  present  at  this  time  an  irregular  pulse.  To  the  un- 
informed physician  this  functional  disorder  may  suggest  a  myocardiac 
involvement.  During  the  stationary  period  cardiac  irregularities 
are  of  more  serious  significance,  and  should  draw  the  physician's 
attention  to  the  condition  of  the  myocardium.  It  is  to  be  noted, 
however,  that  in  cases  of  erysipelas  with  normal  temperature  or  a 
temperature  slightly  above  normal,  whether  the  pulse  is  slow  or 
nipid,  marked  irregularities  in  the  cardiac  movements  may  occur 
at  all  ages  and  even  in  very  benign  cases.  Irregularity  and  inter- 
mittence  of  the  heart  beats  may  also  be  observed  in  cases  of  scar- 
latina; and,  though  they  are  particularly  frequent  during  con- 
valescence, they  may  likewise  be  met  with  during  the  stationary 
period. 

Tlie  absence  of  symptoms  ascribable  to  a  myocardiac  lesion  leads 
to  the  admission  that  these  various  manifestations  depend  simply 
upon  nervous  influence. 

Hon-organic  Mormtirs.  Murmurs  presenting  all  the  characters 
of  extracardiac  murmurs  described  by  Potain  are  very  frequently 
heard  in  the  most  varied  infections.  These  murmurs  are  not  rough ; 
^y  are  mesosjrstolic,  exceptionally  mesodiastolic.  Their  intensity 
^esfrom  one  moment  to  another;  they  diminish  or  disappear  in 
4e  sitting  posture,  and  remain  localized  at  the  points  at  which  they 
onginate.  They  are  usually  observed  in  scarlatina,  and  are  more 
"^uent  in  women  than  in  men.  These  murmurs  are  of  rarer  occur- 
J^ce  in  children;  they  nevertheless  occur,  and  may  be  heard  even 
^  young  subjects  five  or  six  years  of  age.  Their  frequency  in 
^latina  is  about  22  per  cent. 

^e  murmiu^  of  typhoid  fever  possess  the  particular  character 
^f  being  pre-inf undibular ;  they  appear  as  early  as  the  end  of  the 
^Week,  which  indicates  that  they  depend,  not  upon  post-infectious 
^Jiiia,  but  upon  the  fever  itself.  Potain  attributed  them  to  febrile 
Station  of  the  heart.  They  are,  perhaps,  connected  wdth  a  slight 
*9^  of  myocarditis  and,  at  times,  aortitis.  In  support  of  this 
^W  I  must  remark  that,  in  certain  instances,  the  extracardiac 
tturmur  suddenly  gives  place  to  a  diastolic  ''bruit  de  galop ''  con- 
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nected  with  myocarditis.    The  excited  state  of  the  myocai 
explains  the  first  phenomenon;  the  loss  of  tonicity,  superv 
later,  accounts  for  the  **  bruit  de  galop." 
Action  of  Toxins  Upon  the  Heart  and  Blood  Pressure.    Mai 

and  Traversa,  experimenting  upon  frogs,  demonstrated  tha 
soluble  products  of  the  streptococcus  notably  slow  the  moveme 
the  heart.  Gley  and  Charrin  observed  the  same  efifects  with  stei 
cultures  of  the  bacillus  pyocyaneus;  they  moreover  obtained  a 
dilatation  in  mammals.  The  latter  manifestation  is  of  consid 
importance,  since  it  tends  to  indicate  that  the  extracardiac  mu 
above  described  may  be  due  to  a  slight  degree  of  dilatation  < 
heart.  I  also  undertook  to  study  the  action  of  the  various  1 
upon  the  frog's  heart.^  The  most  interesting  results  were  obi 
by  means  of  sterilized  cultures  of  the  bacillus  septicus  pi 
These  cultures,  when  injected  beneath  the  skin  of  a  frog,  pr 
marked  paresis  within  fifteen  or  twenty  minutes,  excitations  J 
theless  give  rise  to  reflex  movements,  and  the  animal  at  times  j 
If,  however,  under  these  conditions,  the  thorax  is  opened  ar 
heart  exposed,  this  organ  is  found  to  be  beating  very  slowly 
a  standstill.  This  arrest  of  the  heart  occurs,  therefore,  at  an 
period  of  intoxication,  while  the  other  morbid  manifestations 
not  yet  become  grave. 

This  study  was  recently  taken  up  by  Drs.  Chantemesse  and  1 
who  experimented  upon  the  hearts  of  tortoises  by  means  < 
tremely  ingenious  contrivances.  They  demonstrated  tha 
typhoid  and  the  diphtheritic  toxins  are  poisons  for  the  myoca 
and  produce  cardiac  paralysis  after  a  period  of  latency.  C 
greater  interest  is  the  fact  that  the  blood  of  an  animal  whi( 
received  one  or  the  other  of  these  toxins,  exerts  an  exciting 
upon  the  heart,  which  action  seems  to  be  due  to  a  new  sub 
elaborated  by  the  organism  under  the  influence  of  the  mi 
poison. 

These  cardiac  disorders,  however,  do  not  seem  to  be  entire 
to  the  action  of  microbic  poisons  upon  the  heart;  certain  man 
tions  are  probably  caused  by  an  influence  exerted  upon  the  peri 

*  Roger.    Poison  carcliaque  d'origine  microbienne.    Soci^t^  de  biologie,  Jan.  i 
Archives  de  physiologic,  April,  1893.     Action  de  quelques  toxines  microbiemn 
coeur.     Soci6t<^  do  biologic,  Feb.  18,  1893.     Etude  sur  la  toxicit^S  des  produits 
du  Bacillus  coli  communis.     Archives  de  physiologic,  July,  1893. 

'  Chantemesse  and  Lam^^    Effets  des  toxines  microbiennes  sur  le  coeur  isol 
Medical  Congress,  section  of  general  pathology,  1901,  p.  137. 
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irculation.  Bouchard,  Charrin,  Gamaleia,  Gley,  and  Arloing  have 
Mi  upon  the  vasomotor  modifications  produced  by  toxins, 
[he  author  studied  the  influence  of  poisons  secreted  by  the  colon 
MwaDus  of  dysentery.^  This  microbe  has  the  advantage  of  furnish- 
Bg  exceedingly  toxic  cultures.  These  cultures,  when  steriUzed  by 
ineans  of  chloroform  and  injected  into  rabbits  in  the  proportion  of 
D55per  kilogram  of  animal,  cause  death  \\dthin  twenty-fom*  or  forty- 
H|^t  hours.  The  author  studied,  by  the  graphic  method,  the  effects 
produced  upon  the  circulation  and  respiration.  The  poison  evidently 
tended  to  lower  the  blood  pressure.  At  a  certain  moment,  when  the 
pressure  is  considerably  reduced,  convulsions  occiu*  which  raise  the 
pressure,  and  slight  improvement  takes  place.  The  morbid  symp- 
toms are  soon  intensified,  the  blood  pressure  continues  to  fall,  the 
descending  course  being  marked  by  renewed  convulsions.  Lastly, 
a  rapid  and  final  reduction  in  pressure  occurs,  and  the  animal  dies. 

TTiese  experiments  show  that  the  heart  struggles  against  the  in- 
fluence of  the  toxin.  Its  contractions  become  more  energetic  and 
slower.  The  poison  does  not,  therefore,  act  upon  the  heart,  and  the 
J^uced  pressure  is  probably  due  to  modifications  in  the  abdominal 
circulation.  Intense  congestion  in  the  intestine,  liver,  and  kidneys 
^vealed  by  the  necropsy  seems  to  support  this  view. 

Unlike  the  circulation,  respiration  is  but  sUghtly  disturbed.  When 
2-5  cmm.  of  the  cultures  are  injected  into  the  veins  the  respiratory 
Diovements  generally  do  not  present  any  modification.  At  most 
'hey  may  be  slightly  accelerated  for  a  few  seconds.  With  the 
^-mployment  of  doses  twice  or  three  times  larger  the  movements 
^me  136  per  minute,  instead  of  80;  the  ampUtude  is  coincidently 
''^'^hed  by  one-third.  These  manifestations  are  transitory,  how- 
^^t  and  do  not  last  more  than  fifteen  or  twenty  seconds.  At  a 
'Ore  advanced  stage  of  intoxication  breathing  is  again  acceler- 
®d  (Fig.  35);  it  is  then  slowed.  Long  pauses  are  observed;  only 
"^nty  or  even  ten  inspirations  per  minute  occur.  The  animal  thus 
^cumbs  by  arrest  of  respiration  while  the  heart  is  still  beating. 
'^mparison  of  these  experimental  phenomena  with  certain  clinical 
testations  reveals  an  analogy — that  is,  lowering  in  the  blood 
^ure.  The  latter  disturbance  has  often  been  attributed  to  diar- 
-ft,  which  produces  dehydration  of  the  organism.   Contrary  to  this 

'  Hoger.  Les  toxines  du  colibacille  de  la  dysonterie.  Annales  de  la  Soc.  de  mdd.  de 
^  April,  1900,  p.  139.  Action  des  toxines  de  colibacille  de  la  dysenteric  sur  la 
^Nation  et  la  respiration.    Presse  m6d.,  Nov.  3,  1900. 
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view,  I  conclude  from  experimental  results  that  it  is  due  to  intoxi- 
cation, since  the  toxins  do  not  decidedly  afifect  the  myocardium. 
We  now  likewise  understand  why  the  pressure  quickly  rises  as  soon 
as  gastrointestinal  intoxication  is  checked  or  an  intravenous  injectioii 
of  artificial  serum  is  given  to  remedy  the  eflfects  of  peripheral  vaso- 
dilatation. Finally,  our  experimental  results  offer  a  new  illustration 
of  the  compensating  antagonism  existing  between  the  peripheral 
and  central  circulation.  By  the  increased  energy  of  its  contractiona 
the  heart  endeavors  to  raise  the  blood  pressure,  which  tends  to  faE 
as  a  result  of  abdominal  vasodilatation. 

Fio.  35. 


Amimivm- 


Rapid  and  short  respiration.  Slow  and  energetic  cardiac  movements.  The  lower  line 
indicates  the  struggle  of  the  heart  against  the  lowering  of  blood  pressure.  The  upi»r 
line  represents  the  respiration. 

Acute  Myocardites.  Acute  myocardites  may  be  primary,  but 
thc^y  generally  develop  in  the  course  of  an  infectious  disease.  As 
is  the  case  in  other  visceropathies,  localization  in  the  myocardium 
is  favored  by  various  auxiliary  causes.  Among  these,  the  influence 
of  age  is  one  of  the  most  important.  The  affection  is  commonly 
obs(Tved  between  the  ages  of  ten  and  thirty  years,  because  at  this 
period  of  life  the  infectious  diseases  capable  of  engendering  it  are 
frequent.  Heredity  also  plays  a  role;  Benecke  found  in  a  total o» 
twenty-eight  cases  twenty-two  presenting  evidences  of  congenita! 
debility  of  the  circulatory  system.  Overexertion  has  long  been  con- 
sidered among  the  causes  of  acute,  diffuse  or  circumscribed  myo- 
cardites. Army  j^hysicians  have  often  noted  the  frequent  appear- 
ance of  myocarditis  in  consequence  of  forced  marches.    It  is  ^ 
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pwent  established  that  overexertion  does  not  create  alteration  of 
the  myocardium ;  it  simply  acts  by  lessening  the  resistance  of  the 
orgamsm,  and  thus  favors  its  contamination  by  infectious  germs. 
Ike  latter  become  localized  in  the  heart,  which,  as  a  result  of  its 
excessive  activity,  is  found  in  a  state  of  morbid  receptivity. 

AD  infections,  including  acute  articular  rheumatism,  are  capable 
of  pving  rise  to  acute  myocarditis.  Typhoid  stands  at  the  head  of 
the  list;  all  of  its  forms,  however,  do  not  equally  predispose  the 
sufferer  to  this  cardiac  involvement.  The  ataxo-adynamic  form 
with  hyperthermia  is  particularly  apt  to  induce  alteration  of  the 
myocardium.  Out  of  152  necropsies,  Hoffmann  found  but  54  hearts 
obnoii  sound.  In  the  course  of  the  third  week  myocarditis  almost 
constantly  makes  its  appearance.  Myocarditis  also  appears  early, 
at  times  on  the  fifth  day  in  grave  confluent  cases  of  variola.  Accord- 
ing to  Desnos  and  Huchard  most  deaths  occurring  before  the  eleventh 
day  of  this  disease  must  be  attributed  to  myocarditis. 

Pneumonia  is  often  complicated  by  myocarditis.  Only  a  few 
years  ago  French  physicians  received  with  astonishment  Jurgensen's 
work,  which  laid  much  stress  upon  pneumonia  myocarditis.  At 
present  pneumonia  is  found  modified;  its  course  is  tedious,  defer- 
vescence is  tardy,  and  fatal  termination  is  more  frequent.  We  are 
iM)w  observing  in  France  what  Jurgensen  observed  in  Germany  a 
few  years  ago :  myocarditis  has  become  one  of  the  frequent  causes 
of  death  in  pneumonia. 

Streptococcic  infections  may  also  be  complicated  by  myocarditis 
lliis  involvement  is  rare  in  erysipelas,  but  frequent  in  puerperal  and 
^cal  septicemias,  and  may  occur  even  in  streptococcic  sore- 
ftroatB.  Myocarditis  is  also  encountered  in  scarlatina,  typhus  fever, 
^tennittent  fever,  and  acute  tuberculosis.  In  chronic  tuberculosis 
rt  seenas  to  depend  upon  secondary  infections.  In  measles  it  is 
l^together  exceptional.  Myocarditis  is  of  very  frequent  occurrence 
^  diphtheria,  and  it  is  often  expressed  by  symptoms  difficult  of 
^terpretation. 

Ilie  symptomatology  of  acute  myocarditis  is  diAided  by  authors 
^to  two  phases:  one  of  erethism,  and  another  of  depression.  In 
^^  former  stage  the  heart  beats  more  frc(iuently  and  strongly. 
^  patient  complains  of  palpitation  and  precordial  or  sternal  pain 
*ain  may  also  be  caused  by  pressing  the  finger  upon  the  third  or 
fourth  intercostal  space  on  the  left  side,  the  point  which  Peter 
called  "the  precordial  button"  (le  houton  precordial).    These  dis- 
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turbances  soon  bring  in  their  train  pulmonary  manifestatioM, 
notably  intense  dyspnea.  After  three  or  four  days  the  second  plia« 
of  myocarditis  appears.  The  heart-beats  become  weak  and  rajid, 
growing  gradually  inappreciable  by  palpation.  On  percussion  pre- 
cordial flatness  is  found  to  be  increased,  owing  to  dilatation  of  4e 
heart.  Auscultation  reveals  a  ''bruit  de  galop/'  due  to  ventricular 
ectasis  or  a  very  soft  mesosystolic  or  even  systolic  murmur  at  tk 
apex.  This  may  be  due  to  functional  incompetence  of  the  auriculo- 
ventricular  valves  as  well  as  to  dilatation  of  the  heart;  hence  the 
disappearance  of  the  murmiu*  when  a  movement  of  the  patient 
increases  the  power  of  the  contractions  by  arousing  the  energy  d 
the  myocardium.  These  phenomena  are  soon  replaced  by  the 
fetal  rhythm  of  Stokes  or  embryocardia  of  Huchard.  The  tio 
murmurs  of  the  heart  are  rapid  and  weak  and  can  no  longer  be 
distinguished.  They  succeed  each  other  after  the  manner  of  the 
tick-tack  of  a  clock.  Later,  when  the  first  murmur  becomes  so  weak 
as  to  indicate  an  incomplete  systole,  and  the  second  murmur  also, 
in  its  tiu-n,  further  diminishes,  a  fatal  termination,  according  to 
Bucquoy,  may  be  expected  within  a  day  or  two.  The  pulse  presents 
modifications  corresponding  to  those  of  the  heart.  It  is  unequal 
rather  than  irregular.  It  manifests  veritable  intermittence  only 
toward  the  end  of  the  disease. 

The  period  of  excitation  is  lacking  in  typhoid  fever.  Myocarditis 
may  even  remain  in  a  state  of  latency  and  be  expressed  simply  by 
acceleration  and  weakness  of  the  heart-beats;  hence  the  occurrence 
of  sudden  death  on  the  occasion  of  movement. 

Differential  diagnosis  between  myocarditis  and  endocaniitis  or 
pericarditis  may  sometimes  be  difficult;  an  error  is  more  liable  to 
occur  as  these  various  lesions  may  coexist.  Modifications  in  the 
pulse  must  fii'st  be  taken  into  consideration;  and  then  it  must  be 
remembered  that  the  murmur  of  endocarditis  increases  on  mo^•e- 
ment  and  under  the  influence  of  any  cause  rendering  the  heart-beats 
more  energetic.  The  reverse  is  the  case  in  myocarditis.  Moreover, 
the  murmur  of  myocarditis  is  transitory.  No  doubt  remains,  how- 
ever, as  to  the  myocarditic  nature  of  the  events  when  the  *^  bruit  de 
galop''  and  especially  the  fetal  rhythm  are  found. 

Post-infectious  Cardiac  Hjrpertrophy.  I  believe  that  a  pre\ious 
infection  is  ver}'  often  responsible  for  the  cardiac  hypertrophy  of 
young  subjects  which  is  too  readily  attributed  to  rapid  growth. 
There  are  two  possible  events.     In  some  cases  the  development  of  a 
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mvLj  such  as  endocarditis,  is  observed  in  the  course  of  a  disease, 
t  this  age  this  lesion  is  curable,  and  at  the  end  of  a  few  months,  or 
year  or  two  at  the  latest,  it  is  repaired.  The  subject  retains  a 
T)ertrophy  of  the  heart,  however,  which  causes  shortness  of  breath 
id  troublesome  palpitations  of  the  heart  to  the  extent  of  rendering 
dking,  bodily,  and  even  intellectual  exertion,  diflScult.  If  the 
lysician  has  followed  the  entire  evolution,  he  attributes  this  hyper- 
)phy  to  the  valvular  lesion,  and  considers  the  case  one  of  compen- 
ting  hypertrophy,  somewhat  exceeding  the  requirements  of  the 
;amsm  and  surviving  the  causative  lesion.  In  other  instances 
B  heart  does  not  seem  to  have  been  affected  during  the  disease ; 
lesion  of  the  myocardium  has  been  expressed  by  the  sUghtest 
imnur.  Hjrpertrophy,  nevertheless,  develops,  and  when  the 
fcnt  complains  of  it  and  it  is  discovered,  the  physician  hesitates 
connect  the  apparently  recent  disorder  with  the  disease  of  years 
0.  I  believe,  however,  the  mechanism  to  be  the  same  in  both 
rtances.  Infection,  whether  having  affected  the  valvular  endo- 
rdium  or  not,  has  produced  lesions  in  the  myocardium.  Compen- 
tory  hypertrophy  is  designed  to  re-establish  the  disturbed  cir- 
ilatory  mechanism;  the  effort,  however,  exceeds  the  end  and 
rminates  in  a  veritable  lesion.  Such  is,  in  my  opinion,  the  cause 
a  great  number  of  hypertrophies  attributed  to  rapid  growth  and 
Jcurring  after  the  most  varied  diseases,  among  which  typhoid  fever, 
!ute  articular  rheumatism,  scarlatina,  and  diphtheria  may  particu- 
riy  be  mentioned. 

Although  these  hypertrophies  are  at  times  quite  troublesome, 
wy  are  not  always  grave.  The  heart  which  is  hypertrophied  may 
Hm cease  to  develop;  the  individual  continues  to  grow,  the  chest 
evelops,  and  there  comes  a  time  when  the  heart  appears  to  have 
»uined  a  normal  volume  and  regular  activity.  Only  a  long  period 
[  time  after,  at  the  end  of  twenty  or  thirty  years,  new  disorders 
ecome  manifest — L  e.,  signs  of  chronic  myocarditis,  at  times  accom- 
wiied  by  valvular  endocarditis,  which  is  developed  in  an  insidious 
lanner. 

bdocarditifl.  It  is  at  present  well  established  that  every  acute 
idocarditis  is  of  infectious  origin  and  that  all  infections  are  capable 
involving  the  endocardium.  Endocarditis  may  be  benign  or 
aBgnant  and  ulcerative.  These  differences  depend  in  part  upon 
e  nature  and  virulent  potency  of  the  microbe.  The  state  of  the 
;acked  organism,  however,  is   of  greater  importance.    Endo- 
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carditis  assumes  the  ulcerative  character  when  the  individual  B 
already  debilitated  by  previous  or  present  disease,  overexertion,  wid 
evil  hygienic  conditions,  abortion,  the  puerperal  state,  or  -pKvim 
lesions,  which  Netter  has  found  in  50  per  cent,  and  Goodhart  in 
75  per  cent,  of  the  cases. 

The  frequency  of  endocarditis  in  rheumatism  was  well  demon- 
strated by  Bouilland.  It  may  be  stated  that  endocarditis  is  the 
rule  in  grave  acute,  generalized  rlieumatisni ;  it  is  exceptionul  in 
apyretic,  shght,  and  partial  rheumatism.  The  euiploynient  of  salicy- 
lates, however,  seems  to  diminish  the  cardiac  complication  by  arrest- 
ing the  evolution  of  the  disease.  Endocarditis,  nevertheless  malw 
its  appearance  in  one-fourth  of  the  cases  in  adults.  In  children, 
according  to  Cadet  de  Gassicourt,  it  is  obeerveil  ui  the  proportion 
of  80  per  cent.  The  first  symptoms  of  the  cardiac  invohenienl 
are  generally  manifested  at  the  end  of  tlie  first  or  in  the  gouts'  of 
the  second  week.  The  lesion  occupies  the  mitral,  less  frequently 
the  aortic,  valves,  and  exceptionally  the  right  heart. 

Other  infections  may  engender  a  vegetative  or  an  ulcerative  endo- 
carditis. It  is  admitted  that  the  lesion  of  the  heart  is  at  times  dw 
to  the  action  of  the  principal  agent,  but  in  a  greater  number  of 
instances  it  must  be  attributed  to  secondary  infection.  Endo- 
carditis occurring  in  influenza,  gonorrhea,  and  tuberculosis  resuls 
from  secondary  infection  by  the  streptococcus,  pneuniococcis,  vA 
less  oft«n  the  staphylococcus.  It  is  well  to  remember,  however.lbat 
Koch's  bacillus  may  be  localized  in  the  endocardium.  es|)ecially  in 
cases  of  acute  tuberculosis.  Contrary  to  what  might  be  expert*^, 
endocarditis  is  very  rare  in  erysipelas;  the  microbe  exhausts  its 
power  in  the  skin  and  manifests  no  tendency  to  invade  the  risttTi' 
Tlie  frequency  of  endocarditis  in  pneumonia  has  of  late  been  demon- 
strated by  numerous  observations.  Sometimes  the  streptocofcus, 
but  most  frequently  the  pneumococcus,  is  the  responsible  apJi'' 
The  cardiac  complication  may  occur  in  the  decline  of  the  ijulmon*'? 
infection  or  after  defervescence.  The  aortic  orifice  is  generBily  ^ 
point  of  attack,  and  the  process  is,  as  a  rule,  ulcerative.  Uleeratiw 
endocarditis  is  also  encountered  in  37  per  cent,  of  the  cases  of 
pyemias  and  in  11  per  cent,  of  puerperal  septic/'raias,  Artindf 
manifestations  dften  accompany  the  process  and  give  it  the  app**'" 
ance  of  infectious  pseudorheumatism. 

The  vegetative  or  warty  type  develops  in  an  insidious  mtuiKi' 
Some  phenomena,  such  as  precordial  pain,  palpitation  on  the  sligbw*l 
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earttoD,  embarrassed  respiration,  cephalalgia,  suggest  the  possi- 
lalilv  of  cardiac  locahzation.  All  these  manifestations,  however, 
ITP  inconstant.  Endocarditis,  may  therefore,  readily  escape  notice 
if  the  heart  is  not  systematically  examined.  At  the  begiimiug  of 
wlviib'iis  the  phenomena  are  those  or  cardiac  excitation ;  there  is 
B  yet  no  murmur,  since  at  this  time  the  valves  are  soft,  thickened, 
uii  incapable  of  vibration  by  the  blood  waves.  The  normal 
Diuraiurs  are  found  to  be  rather  dull ;  the  first  especially  becomes 
Birlistinct  at  the  apex — the  swollen  valves  still  insure  occlusion,  but 
ft)  longer  snap.  'When  the  aoi-ta  is  the  affected  part  the  second 
Diiifmur  is  found  dull  at  the  base.  Only  at  a  later  period  do  the 
Biunimrs  of  incompetency  become  manifest. 

The  ulcerative  form  may  also  escajje  attention,  but  for  different 
tejsons— the  physician's  attention  is  absorbed  by  the  severity  of 
Bie  gpneral  phenomena.  In  view  of  these,  two  principal  clinical 
fcrmg  have  been  described:  a  t>'phoid  form  and  a  pyemic  form 
fethe  former  case  the  pnemnococcus  is  the  habitual  agent.  Either 
B  the  beginning  or  four  to  six  days  after  defervescence  of  a  pneu- 
Bonia  the  patient  experiences  a  single  chill  and  rapidly  develops 
fcwr  fti  104*  or  105.8"  F.  {40°  or  41°  C).  The  cardiac  pulsations 
Ire  punful  antl  frequent;  the  pulse  is  small  and  often  irregular. 
kiynaniia  makes  rapid  progress.  In  some  cases  embolism  occurs, 
|j\'ing  rise  to  sudden  hemiplegia,  exceptionally  to  paraplegia,  at 
■Ilichtime  all  doubt  as  to  the  diagnosis  is  dispelled.  In  the  pyemic 
S^  the  dominant  feature  is  the  enormous  oscillations  of  the  fever, 
*iuch  occurs  in  the  form  of  paroxysms,  characterized  by  the  three 
rfwical  stages — chill,  fever,  and  sweating.  This  is  Lancereaux's 
■tenninent  form.  In  this  type  embolism  is  far  more  frequent  than 
B  'he  preceding.  In  the  typhoid  type  the  aortic  orifice  is  generally 
'fl'^ted;  in  the  pyemic,  the  mitral. 

Ulcerative  endocarditis  is  but  exceptionally  curable.  On  the 
tltierhand.  the  warty  form  is  often  cured,  and  cm-ed  in  a  complete 
"MiQer.  The  happy  termination  sometimes  occurs  so  rapidly  as 
Ift  fender  the  diagnosis  doubtful.  In  a  case  of  grave  erysipelas  I 
•^  a  systolic  miu"mur  at  the  apex.  Ulcerative  endocarditis  was 
iioii^t  of,  but  the  murmiu-  diminished  in  four  days  and  completely 
■appeared  within  a  week.  This  evolution  is  not  rare  when  the 
Btients  can  be  watched.  I  treated  a  little  girl  who  suffered  three 
iDes  from  acute  articular  rheumatism.  During  the  first  attack, 
hich  occurred  at  the  age  of  four  years,  mitral  incompetency  was 
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produced,  which  healed  in  eight  months.  She  had  a  second  attack 
of  rheumatism  when  seven  years  old,  and  developed  the  same 
symptoms,  which  disappeared  as  rapidly  as  in  the  first  instance. 
At  the  age  of  fifteen  years  she  had  a  third  attack,  and  a  systolic 
murmur  again  made  its  appearance,  and  took  eighteen  months  to 
disappear.  From  that  time  on  the  heart  remained  hypertrophied; 
but  this  condition  was  later  compensated  by  the  mechanism  already 
indicated.  At  present  this  individual  is  nineteen  years  old,  and  the 
heart  seems  to  be  absolutely  normal. 

Pericarditis.  Pericarditis  may  represent  the  principal  localization 
of  an  at  first  generalized  infectious  process,  or  it  may  supevene  as 
a  secondary  phenomenon.  It  often  coexists  with  endocarditis  and 
myocarditis ;  such  a  pancarditis  is  the  rule  in  children.  As  in  the  case 
of  endocarditis,  bad  hygienic  conditions,  fatigue,  alcoholism,  and  cold 
favor  the  localization  in  the  heart.  Thus  is  explained  the  occurrence 
of  epidemics  of  pericarditis  formerly  observed  in  besieged  cities. 

The  pericardiac  lesion  often  occurs  under  the  influence  of  rheu- 
matism. The  eruptive  fevers  may  also  reach  the  pericardium.  At 
the  eruptive  period  of  variola  dry  pericarditis  is  said  to  develop; 
later,  purulent  pericarditis  is  found.  It  is  rare  in  measles,  but  quite 
frequent  in  scarlatina.  In  the  latter  instance  it  is  said  to  easily 
become  purulent  or  hemorrhagic  in  character,  but  my  obsers^ations 
do  not  confirm  this  statement.  I  have  mainly  found  dry  peri- 
cardites.  During  the  stationary  period  or  in  convalescence  friction 
murmur  is  heard,  lasting  for  five  or  six  days;  it  seldom  persists  for 
two  weeks.  There  may  be  no  disturbance  to  draw  the  physician's 
attention  to  the  heart,  or  the  patient  may  in  some  cases  complain 
of  palpitation  and  precordial  pains.  The  beginning  of  the  process 
may  be  marked  by  syncope.  In  the  course  of  erysipelas  I  have 
sometimes  heard  pericardial  frictions  which  disappeared  after  causing 
some  pain,  palpitation,  and  tachycardia.  In  two  instances,  howe\*er, 
pericarditis  caused  a  fatal  termination.  A  woman,  seventy-two 
years  old,  suffering  from  a  wandering  erysipelas,  died  on  the  eleventh 
day,  and  the  necropsy  revealed  a  purulent  pericarditis  and  a  slight 
mitral  valvulitis.  Another  woman,  eighty-two  years  of  age,  also 
suffering  from  an  attack  of  wandering  erysipelas,  succumbed  when 
the  cutaneous  lesions  were  almost  cm-ed;  at  the  necropsy  a  purulent 
pericarditis  was  found. 

Pericarditis  is  frequently  observed  in  tuberculosis;  14  per  cent. of 
pericardites  are  connected  with  tuberculosis  (Bamberger). 


INFLUENCE  OF  INFECTIONS  UPON  THE  ORGANISM.      453 

In  some  cases  pericarditis  is  ushered  in  by  chills,  fever,  dyspnea, 
ffecordial  pain,  at  times  by  dysphagia.  The  temperature  usually 
ises,  but  in  certain  cases  it  may  be  lowered  at  the  moment  of  this 
omplication,  as  occurs,  for  example,  in  typhoid  fever  (Charcot, 
teuardel).  In  the  majority  of  cases  pericarditis  remains  in  a  state 
[latency;  daily  examination  is  required  in  order  to  discover  it. 
:  must,  therefore,  be  systematically  looked  for  in  the  course  of 
beases  capable  of  causing  this  complication. 
Tk  nature  of  the  effusion  is  of  great  prognostic  value,  for  it 
dicates  the  degree  of  gravity  of  the  causative  process.  Prognosis 
favorable  in  cases  of  dry  pericarditis;  doubtful  in  cases  with 
fiision;  very  grave  in  purulent,  and  fatal  in  hemorrhagic  peri- 
iditis.  When  the  previous  condition  and  age  of  the  patient  as 
?D  as  the  etiological  conditions  and  general  symptoms  are  fm-ther 
ken  into  consideration,  all  the  elements  required  for  a  correct 
•preciation  of  the  case  will  be  at  hand. 

Action  of  Infections  upon  the  Arteries. 

Acute  arteritis  is  not,  as  was  once  believed,  a  generahzed  process 
using  fever,  but  a  localized  affection  resulting  from  fever.  Its 
ohgy  may  be  described  by  a  single  word — infection.  The  most 
pical  example  is  represented  by  arteritis  of  the  limbs  with  con- 
Mtive  gangrene  occurring  mainly  in  grave  infections  and  nearly 
wiys  at  their  decline  or  during  convalescence. 
Typhoid  is  undoubtedly  the  infection  most  frequently  concerned 
arteritis.  This  complication  is  usually  observed  in  the  lower 
tremities  on  one  side,  oftener  on  the  right  than  on  the  left,  and 
rferably  in  the  posterior  tibial,  next  the  tumoral,  anterior  tibial, 
dorsalis  pedis  artery;  the  arteries  of  the  upper  extremities  are  less 
iquently  involved:  the  iUac,  external  carotid,' Sylvian  (Vulpian), 
en  the  puhnonary  (Hoffmann)  artery.  The  arterioles  of  the 
Joera  are  often  affected  during  the  stationary  period,  while  arteritis 
the  limbs  seldom,  if  ever,  appears  before  the  third  week,  and 
betimes  not  until  the  forty-first  (Rendu),  or  even  fifty-eighth  day 
ari^). 

According  to  Leyden,  influenza  causes  acute  arteritis  as  often  as 
lot  more  frequently  than  typhoid  fever  does.  In  half  of  the  cases 
popliteal  is  the  seat  of  inflammation;  next  the  femoral,  humeral, 
lary,  cerebral,  and  central  artery  of  the  retina.  Here  also  the 
(plication  occurs  during  convalescence. 
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Arteritis  has  been  noticed  in  variola,  especially  in  the  liemorrliagii 
form  of  it,  sometimes  as  early  as  in  the  period  of  eruption,  at  ollie 
times  later,  and,  apart  from  the  aorta,  the  coronary  arteries  sr 
usually  attacked,  Scariatinal  arteritis  also  localizes  in  the  coroi 
aries,  and  is  a  comphcation  of  rare  occurrence.  In  a  total  of  221 
cases  observed  in  our  wards  of  Porte  d'Aubervilliers  we  found  onl 
one  instance  of  acute  arteritis  in  scarlatina,  and  that  was  seated  i 
the  femoral  artery.  In  measles  it  has  scarcely  ever  been  nhspr\Ti 
It  is  not  rare  in  diphtheria,  and  involves  usually  the  coronap 
pulinonarj',  renal  and  Sylvian  arteries,  Erj-sipelas  has  l)een  see 
to  be  complicated  by  inflammation  of  the  circle  of  WilUs  (Poiifid: 
obliteration  of  the  nutrient  arterioles  of  the  eyeball  (Parinaud),  sn 
a  tlirombosis  of  the  pophtea!  (Schmitt).  Among  other  infwtior 
we  may  cite  puerperal  fever,  septicemias,  pyeniias,  tj-phus.  pneii 
monia,  cholera,  etc.  I  have  observed  cerebral  arteritis  with  liiroDi 
bosis  and  acute  softening  of  the  brain  in  the  course  of  a  gastm 
enteritis.  Arteritis  of  the  limbs  was  observed  by  Legroux  in  M^ 
articular  rheumatism.  Hanot  believes  that  acute  rheuinatHiu 
arteritis  often  accompanies  endocarditis,  but  remains  unnoticed  \i) 
reason  of  the  obscurity  of  its  symptomatology.  Leytlen  notfd  u 
arteritis  of  the  popliteal  occurring  in  a  suppurative  appendidlB. 
We  may  also  mention  the  case  of  Haushalter  concerning  tlirombosi* 
of  the  Sylvian  and  anterior  cerebral  arteries  in  a  child  suffprinB 
from  empyema,  and  the  observation  of  \'aquez  regarding  a  tubf^ 
cular  subject. 

To  sum  up,  while  inflammation  of  the  visceral  arterioles  i'  * 
frequent  occurrence  in  infectious  diseases,  acute  arteritis  of  the 
extremities  is  exceptional  outside  tj'phoid  fever  and  influeiwa 

Acute  arterites  may  be  due  to  a  localization  of  the  microbir  ap"' 
responsible  for  the  principal  disease ;  in  other  cases  they  rcpretfo'  t 
secondary  infection ;  and  in  still  a  third  class  of  instances  loOJ* 
independently  of  figurate  elements,  seem  to  be  capable  of  producing 
inflammation  in  the  vessels. 

The  microbes  of  typhoid  fever,  pneumonia,  and  erysipelas  sniB'' 
times  induce  arteritis.  On  examining  the  myocardium  in  eip' 
typhoid  cases  Rattone  found  Eljerth's  bacillus  in  the  walls  of  «* 
arterioles  distributed  to  this  muscle  in  seven  instances.  In  aln'*' 
all  cases  in  which  the  arteries  of  the  extremities  are  affected,  iufls"' 
mation  is  due  to  a  superadded  infection  by  the  pneumococcus,  nW 
frequently    by   the    streptococcus.      Finally,    arteritis   sometiiW 
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devriopa  under  the  influence  of  toxins,  as  is  undoubtedly  the  case 
io  certain  instances  of  diphtheritic  arteritis.  Kxperimental  demon- 
slrations  have  fully  corroborated  clinical  observation  on  these 
pointe. 

TTie  first  symptom  of  arteritis  in  the  hmbs  is  generally  pain, 
inmssing  during  the  night.  Rise  in  the  bodily  temperature  and 
acceleration  of  the  pulse  also  occur.  Coincidently,  or  somewhat 
later,  torpor,  heav-iness,  and  formication  are  felt  in  the  affected  limb. 
Pulsation  in  the  diseased  artery  and  its  branches  is  at  first  weakened, 
and eubsequently  disappears;  a  supplementary  circulation,  however, 
is  established  which  insures  nutrition  of  the  parts.  In  most  cases 
Ihe  events  proceed  tlius :  the  color  of  the  skin  in  the  diseased  segment 
hfcomes  whitish,  its  temperature  is  lowered,  and  sensibility  dimin- 
isbw);  hence  a  characteristic  contrast  between  the  superficial  hypo- 
csthiwia  and  painfulness  in  the  deeper  parts  results.  At  a  later  stage 
patches  of  cyanosis  and  even  purpura  make  their  appearance,  first 
U  the  end  of  the  limb^ — i.  e.,  fingers  or  toes,  announcing  the  inuni- 
Bence  of  sloughing.     Tiie  latter  condition,  however,  tloes  not  neces- 

Sfflrily  occur ;  a  sufficient  collateral  circulation  may  tardily  be  effected, 
toll  the  limb  then  gradually  resumes  its  normal  characters.  In 
nlher  instances,  after  a  deceiving  remission,  the  symptoms  again 
become  aggravated,  and  the  affection  runs  its  course  toward  sphace- 
lation. Vtlieu  gangrene  is  thus  produced  the  danger  is  not  confined 
lo  the  limb;  the  toxins  originating  in  tiie  dying  tissues  induce  a 
wry  grave  general  state.  Fever,  fetid  diarrhea,  dyspnea,  delirium, 
and  a  profoimfl  adynamia  are  some  of  the  features  of  the  general 
'''nditjon,  in  which  fatal  termination  sometimes  occurs  before  the 
*paration  of  the  eschar. 

Ktde  of  Infections  in  the  Development  of  Arteriosclerosis.  Tlie 
stiiily  of  acute  arteritis  raises  a  pathogenic  problem  of  the  higliest 
iiterest:  What  is  the  r6le  of  infection  in  the  development  of  arterio- 
MieroflLs? 

In  the  first  place,  I  think  it  is  a  well-demonstrated  fact  that 
Pstrointestinal  disturbances  when  characterized  by  excessive 
'wnentations  and  putrefactions  induce  arterial  changes.  The 
question  b  one  of  veritable  intoxication  of  the  organism,  an(i,  though 
tl»  liver  is  generally  the  organ  most  profoundly  affecteil,  the  poisons 
Kwner  or  later  pass  the  barrier  opposed  by  this  gland  and  exert 
their  action  upon  other  parts  of  the  organism,  notably  upon  the 
iteries  and  the  main  emunctory,  the  kidney. 
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The  influence  of  temporary  infections  is  not  as  simple  as  that 
intestinal  putrefactions.  Numerous  clinical  observations,  howe\i 
demonstrate  the  reality  of  this  etiological  factor.  Gu^neau 
Mussy  claimed  to  have  seen  the  arteries  suffer  a  rapid  fibrous  tra 
formation  in  the  course  of  an  attack  of  rheumatism.  Parrot  no 
the  development  of  infectious  arteritis  of  the  aorta  in  childho 
discovering  atheromatous  points  at  the  root  of  the  coronary  arter 
Landouzy  and  Siredey  have  shown  that  arterial  lesions  are  far  n 
extensive  than  was  once  believed,  and  terminate  in  arteriosclm 
It  is  true,  however,  that  in  the  acute  period  arterial  lesions  ] 
dominate  at  certain  points;  the  same  is  true  as  regards  the  dm 
forms.  The  arterial  system  is  not  affected  throughout  in  the  Si 
degree. 

In  this  connection  the  influence  of  chronic  diseases  such  as  mail 
syphilis,  and  tuberculosis  is  by  no  means  less  important.  Here 
it  is  true  that  the  lesions  produced  by  syphilis  are  circumscril 
hence  Lancereaux  and  Heubner  deny  to  this  disease  all  influi 
in  the  production  of  arteriosclerosis.  I  believe  Comil  is  righ 
attributing  to  syphilis  certain  cases  of  atheroma  occurring  in  yc 
subjects  in  the  absence  of  any  other  appreciable  cause.  The 
fluence  of  tuberculosis  seems  more  certain.  The  experiment 
Vissman  and  of  Th^rfese  demonstrated  that  intravenous  injectic 
dead  bacilli  or  of  tuberculin  is  followed  by  diffuse  arterial  alterati 
On  the  other  hand,  H.  Martin  and  P.  Teissier  have  pointed  out 
hardness  of  the  arteries  in  certain  young  tuberculous  subject 
spite  of  lowered  blood  pressure,  which  is  the  rule  in  tuberculos 

Action  of  Infections  upon  the  Respiratory  Apparatus. 

Lar3mx.  The  mucous  membrane  of  the  larynx  may  be  the 
of  catarrhal  manifestations  expressing  the  principal  or  subordi 
localization  of  an  infectious  process.  At  present  there  is  no  d( 
as  to  the  microbic  origin  of  laryngites,  which  were  usually  attribi 
to  cold.     The  latter  j)lays  the  role  of  an  occasional  cause. 

Laryngitis  is  sometimes  one  of  the  manifestations  of  a  gen 
infection.  In  measles  the  larynx,  trachea,  and  bronchi  partici) 
in  the  catarrhal  process,  wliich  at  the  same  time  involves  the  inu< 
membrane  of  tlie  nose  and  eyelids.  During  the  stationary  p^ 
of  infections  the  larynx  may  be  invaded  by  the  morbid  pro< 
This  locaUzation  is  generally  of  little  importance,  but  in  some  c 
it  may  prove  very  serious.    Thus  in  variola  pustules  may  dev 
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I  larynx  and  induce  edema  of  the  glottis.  The  result  is  a 
ig  dyspnea  necessitating  surgical  intervention.  This  hap- 
in  five  of  our  patients,  four  of  them  suffering  from  confluent, 
om  coherent  variola.  In  spite  of  tracheotomy,  these  five 
luals,  who  were  profoundly  infected,  died.  Even  varicella, 
k  generaUy  a  benign  disease,  may  be  compUcated  by  a  laryn- 
uption  of  a  more  or  less  serious  character, 
ng  other  infections,  not  to  mention  diphtheria  which,  of 
*,  heads  the  list,  we  find  erysipelas,  which  may  present  the 
jal  complication  in  exceptional  instances:  influenza,  glanders, 
ilosis,  syphilis,  and  leprosy. 

hea  and  Bronchi.  Tracheobronchitis  is  of  very  frequent 
tnce  in  the  course  of  infections.  It  may  be  produced  by 
I  microbes,  the  most  specific  as  well  as  the  most  common  of 
al  agents.  Marfan  has  endeavored  to  classify  the  various 
Df  bronchitis.^  The  following  table,  which  we  borrow  from 
ithor,  gives  a  good  idea  of  the  main  varieties  encountered  and 
mechanism  governing  their  development: 

Bronchitis  of  influenza. 
BronchitiB  of  whooping-cough. 
Bronchitifi  of  measles. 
Bronchitis  of  diphtheria. 
Bronchitis  of  anthrax. 
Specific  ^  Bronchitis  of  bubonic  plague. 

Bronchitis  of  tuberculosis. 
Bronchitis  of  variola. 
Bronchitis  of  malaria. 
Bronchitis  of  glanders. 
>  Bronchitis  of  83rphilis. 

Cold. 

Previous  specific  bronchitis. 
Chronic    affection    of    the 
lungs,  pleura,  and  medi- 
astinum. 
Inhalation  of  irritating  sub- 
stances. 
Intoxications. 
Chronic  organic  or  diathetic 

affections. 
Adynamic   conditions    (ty- 
phoid fever,  acute  diseases  of 
long  duration,  cachexias) . 
Spreading  from  the  upper 
respiratory  tracts. 

r  Bronchites 
of  gastroin- 
testinal ori- 
gin. 

Bronchites 
by  septice- 
mias. 


tea 


By  autoin- 
fection. 


Non-sp>ecific 
(generally  due 
I  to  pneumococci 
and  strepto- 
cocci). 


Originating 
on  the  spot, 
mucous 
membrane 
altered  by 


I 


Originating 
from  dis- 
.  tant  parts 


Through  the 
blood  current. ' 


^^ecU^  {  Contagion  by  inhalation. 


0.    Ifaladies    des   bronches.    Traits  de  m^decine.     2d  edition,  Paris,  1901, 
1.284 
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The  respiratory  tract,  at  least  in  its  upper  parts,  being  inhabi 
by  innumerable  microbes,  tlie  most  ordinary  causes  wiiich  ilire 
or  indirectly  cUsturb  tiie  mucous  lining  may  offer  to  coim 
bacteria  an  opportunity  to  exert  their  pathogenic  action.  I 
reailily  conceivable  that  even  when  bronchitis  seems  to  he  i 
specific  nature,  as  is  the  case  in  measles,  a  secondary  infection 
ntervene  to  modify  its  course.  The  fact  that  (rubeolic)  brone 
is  an  early  and  constant  accompaniment  of  measles  proves  th; 
is  ilue  to  the  specific  parasite  of  the  infection;  it  rapidly  reao 
but,  during  its  sliort  duration  may  permit  common-place  m 
organisms  to  assume  an  aggressive  attitude,  and  thus  prolon; 
bronchia!  inflammation,  and,  if  sufficiently  exalted,  give  ris 
bronchopneumonia. 

The  same  is  true  as  regards  variola.  Variolar  pustules  raa; 
produced  in  the  bronchi  and  often  become  the  starting  point 
pseudomembranous  process.  Apart  from  thLs  specific  broucl 
ordinary  bronchitis  is  often  observed  in  variola,  aiid  seems  to  be 
to  the  pneumococcus ;  such  bronchites  were  very  frequent  dl 
the  Paris  epidemic  of  1900.  We  must  also  mention  the  bronc 
of  typhoid  fever.  It  is  an  almost  constant  complication,  ajipei 
on  the  fourth  or  fifth  day  and  lasting  until  the  period  of  convaleae 
It  is  generally  attributed  to  common  bacteria  of  the  respira 
tract. 

In  most  cases  bronchitis  is  not  of  grave  character;  when  inti 
however,  it  may  embarass  liematosis  and  cause  troublesome  co 
ing.  In  weakened  individuals  it  tends  to  become  purulent, 
gives  rise  to  a  secretion  which  oljstructs  the  respiratory  pass: 
is  with  difficulty  eliminated,  and  induces  secondary  lesions  in 
pulmonary  parenchyma,  even  bronchopneumonia.  As  a  resul 
tliis  stagnation  of  the  purulent  secretion,  gangrene  in  the  sm: 
bronchial  tubes  may  occur,  owing  to  invasion  of  saprophj-tes. 
however,  is  an  incident  of  rare  occurrence. 

Lastly,  we  may  mention  pseudomembranous  bronchitis  wl 
when  very  extensive,  may  cause  death  by  asphyxia.  This  i 
occur  notably  in  diphtheria,  as  I  have  pointed  out  in  a  prev 
chapter  (p.  177).  ■ 

The  Lungs  in  Infectious  Diseases.  ■ 

Preliminary  Considerations  of  Normal  Physiology.    Pulmoi 

lesions  are  very  frrqui-nt  in  the  course  nf  infectious  diseases.    £ 
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(iifseininated  rales  are  commonly  heard  during  life;  at  the  necropsy 
pareDcliymatous  alterations  are  almost  always  disclosed,  which  are 
ipoken  of  as  congestive  phenomena. 
The  interest  of  pulmonary  lesions  appears  to  be  more  considerable, 
lie  lun^  are  charged  with  more  important  functions  than  was 
believed.  If  this  organ  had  nothing  else  to  do  than  ensure 
exchanges  and  hematosis,  even  then  it  would  be  considered 
importance.  In  addition,  however,  it  plays  a  protective 
rile  for  the  entire  organism  against  infections  and  intoxications.  Its 
Wtion  upon  microbes  has  already  been  described  (pp.  156-159).  Its 
tttion  upon  poisons  is  by  no  means  less  important,  since  microbes 
»t  by  rirtue  of  the  toxins  they  secret*.  It  hail  long  been  known 
thai  the  lung  served  as  an  eiimuctory  for  volatile  substances.  The 
ofTensive  breath  noticed  in  patients  in  the  course  of  infections, 
?8i)efia!ly  when  these  are  accompanied  by  excessive  intestinal  putre- 
farlions,  suffices  to  demonstrate  the  elimination  by  the  respiratory 
wgims  of  certain  principles — sulphuretted  hydrogen,  methylamer- 
CBptaii,  ammonia,  volatile  bases,  etc.  Modern  researches  have 
further  demonstrated  that  the  lungs  also  act  upon  those  substances 
^h  they  do  not  eliminate  by  subjecting  them  to  mollifications 
Miilogous  to  those  accomplished  by  the  hver.  The  importance  of 
this  fact  is  e\ndent,  since  all  soluble  substances,  whatever  tlieir  mode 
of  eiilrance  may  be,  must  pass  through  tlie  pulmonary  network 
wW  reaching  tlie  nerve  centres. 

Tlie  action  of  the  lungs  upon  poisons  has  received  experimental 
deuifliKtration.  The  writer  experimented  with  strychnine  sulphate' 
"wi ammonium  carbonate;  Boeri  and  Giuranna,'  and  Cafiero'  expe- 
timenteri nitb  twelve  poisons;  in  all  these  cases  the  protective  action 
of  iJle  luogs  was  more  or  less  marked. 

"6  may  safely  conclude  that  the  lungs  act  as  protective  organs 
*?*iiist  infections  and  intoxications.  It  may  therefore  be  asked 
"nether  the  disturbances  observed  in  the  course  of  infections  of  the 
J^atory  apparatus  are  simply  due  to  asphyxia  or  whether  intox- 
KatioQ  by  pulmonary  incompetency  occurs  as  in  the  case  of  hepatic 
"'«"npet«ucy. 

^^i.  Action  des  orgnnes  Eur  1&  strychnioe.  La  Presse  M^cale,  April  IS,  1898. 
^■"o  <le»  poumtm,  aur  quelqiws  iuhatances  toiiquea.     Ibid.,  June  7,  189S. 

Q'Borri  Bud  O.  GiurULiu.    L'luiijiiF  ]irutpttiVB,  del  puttnone.     Lk  Rifonna  niodica, 
■''l^'  !  »nd  3,  1899,  No.  97. 
'  (ififro.    Rpcerche  exp.  suU'  aiiQiic  protettiva.  del  pulmonc.    OazPtta  di;gli  ospFdali 
Dlinictie,  1S99,  No.  ST. 
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Respiratory  Disorders.    The  respiratory  manifestations  occurring 
in  the  course  of  infections  may  consist  simply  of  functional  disturb- 
ances of  nervous  origin  or  be  dependent  upon  blood  alterations. 
Certain  paroxysms  of  dyspnea  observed  in  the  beginning  of  scarlatina 
may  be  connected  with  these  nervous  influences.    At  a  more  ad- 
vanced period  changes  in  the  respiratory  rhythm  may  characteriie 
certain  grave  nervous  forms  or  indicate  paralysis  of  the  bulbar 
centres,  as  in  diphtheria,  or  express  some  cerebral  or  meningeal 
complication.    Dyspnea  may  also  be  due  to  blood  alteration.  Such 
is  notably  the  case  in  hemorrhagic  variola.    The  panting  respiration 
is  at  times  the  only  symptom  expressing  the  gravity  of  infection. 
In  such  cases,  wliile  the  condition  of  the  skin  is  serious,  the  general 
state  often  seems  to  be  verj'-  satisfactory,  and  the  consciousness  of 
the  patient  is  so  perfect  as  to  render  it  difficult  for  those  around 
him  to  believe  that  he  will  die  within  a  few  hours. 

Modifications  in  the  respiratory  rhythm,  dj^pnea  or  CheJ^l^ 
Stokes  type  of  breathing,  expressing  a  renal  complication,  are  likewise 
due  to  blood  alteration.  Such,  however,  is  not  always  the  case. 
In  the  course  of  infectious  nephritis  djrspnea  may  often  occur  as  a 
result  of  acute  pulmonary  edema. 

Classification  of  Pulmonary  Lesions  of  Infectious  Origin.  Hie 
lesions  attacking  the  lungs  may  be  divided  into  three  groups,  accord- 
ing as  tlie  process  is  one  of  primary  infection,  secondary  localization 
of  a  specific  process,  or  dependent  upon  ordinary  bacteria. 

The  lungs  may  be  the  primary  or  exclusive  seat  of  a  well-deter- 
mined infection.  It  is  to  be  noted  that  while  fibrinous  pneumonia 
manifests,  by  its  clinical  features  and  lesions,  indisputable  autonomy, 
and  seems  to  be  worthy  of  classification  among  specific  infections, 
it  falls,  in  view  of  its  microbe,  to  the  rank  of  non-specific  infections. 
As  a  matter  of  fact,  the  pneumococcus  is  a  quite  commonplace  agent. 
capable  of  giving  rise  lo  very  different  processes,  such  as  bronchitis 
and  bronchopneumonia.  In  fact,  clinical  study  and  anatomico- 
pathological  investigations  have  thrown  down  the  barriers  once 
established  between  lobar  and  lobular  pneumonia.  These  two  pro- 
cesses are  connected  one  with  the  other  by  a  number  of  transitions, 
so  that  })noumonia  has  somewhat  lost  its  specific  charaeter. 

The  lungs  may  be  attacked  by  a  specific  process  invading  theni 
primarily  or  secondarily  in  an  exclusive,  predominant,  or  accessory 

• 

manner.    The  fact  that  the  respiratory  apparatus  freely  commuDi* 
cates  with  the  exterior  explains  the  easy  arrival  of  morbid  gernis. 
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It  is  hardly  necessarj'  to  mention  the  frequency  of  pulmonary  tuber- 
culosis and  the  possibility  of  primary  infection  of  the  lunga  by  an- 
thrax and  glanders. 

Anatomical  and  functional  modifications  occurring  in  the  lungs  in 
thf  course  of  infectious  diseases  are  more  important.  Two  kinds  of 
leioDS  develop:  some  result  from  the  localization  of  the  principal 
Igent;  others  depend  upon  an  additional  infection.  Of  late  the 
importance  and  frequency  of  secondary  infections  in  the  lungs  have, 
pprhaps.  been  somewhat  exaggerated.  Every  bronchopneumonia 
Drcurring  in  the  course  of  infections  is  generally  considered  as  a 
wperadded  process.  The  primary  disease  is  supposed  to  play  simply 
(predisposing  role.  It  is  well  to  remember  that  the  situation  is  the 
wtie  as  in  the  case  of  the  throat.  The  great  number  of  microbes 
prtfent  in  the  upper  parts  of  the  respirator}'  apparatus  which,  when 
Uk  mucous  membrane  is  dried  by  fever,  may  be  carried  dowii  to  the 
fceper  parts  by  the  air  current,  accounts  for  the  frequency  of  inva- 
iousby  ordinary  microbes.  The  latter,  however,  may  do  no  more 
inn  play  a  secondary  r61e.  An  important  point  must  be  noted  here. 
Riese  common  microbes,  being  capable  of  developing  more  readily, 
nhibit  the  development  of  others  in  artificial  culture  media;  hence 
ihe  possibility  of  errors  in  interpretation.  These  considerations  are 
Wpporled  by  the  researches  of  Dr.  Lesage,  who  believes  that  bron- 
itopneumonia  of  measles  depends  upon  the  specific  microbe  of  the 
attCT  disease.  The  author  has  also  noticed  that  in  variola  the  pul- 
IMnary  foci  at  times  contain  very  few  bacteria,  while,  on  the  other 
^,  large  numbers  of  the  special  elements  which  seem  to  be  char- 
inerislic  of  this  infection  are  present. 

W«  are  thus  led  to  the  question  whether  lobular  pneumonias 
llways  result  from  propagation  of  the  process  from  the  smaller 
•fonchi— I.  f.,  an  infection  spreading  from  the  bronchial  ramifica- 
ioDit  toward  the  alveoli.  Is  it  not  hkely  that  the  lesion  is  often 
Muced  by  propagation  of  the  process  through  the  bloodvessels? 
^-  pathogenic  germs,  on  arriving  through  the  blood  current  at  the 
*pillaries  of  the  lungs,  are  arrested  there  and  give  rise  to  an  inflam- 
matory process.  In  fact,  when  it  is  remembered  that  some  conges- 
*'^a  or  even  splenization  is  discovered  in  almost  every  necropsy,  the 
'Allogenic  origin  of  certain  infectious  proccssses  seenw  highly  probable. 

Pulmonary  lesions  may  be  divided  into  six  varieties:  congestion, 
Kileruzatioii,  lobular  pneumonia,  lobar  pneumonia,  hemorrhage,  and 
[sagrene. 
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The  expression  ptUmonory  congestion  is  of  too  comiuoD  use  H^M 
discarded.  It  is  not,  however,  an  exact  expression,  Nvcr^H 
always  reveals  more  important  alterations  than  the  term  in  quwtimi  I 
indicates.  ^Tiat  is  observed  is  not  simply  dilatation  of  the  vrasfle; 
there  are  exudates  and  serous  effusions  appreciable  by  the  iinassislol 
eye,  Wheo  the  parenchyma  is  compressed,  a  frothy  and  aerated 
fluid  comes  out.  A  certain  degree  of  edema  is,  therefore,  atldeil  W 
congestion.  Histological  examination  confirms  this  finding,  and 
chemical  analysis  further  demonstrates  the  presence  of  an  exudsW 
in  the  alveoli.  It  is  to  be  remembered,  therefore,  tliat  some  albu- 
minous effusion,  more  or  less  rich  in  cells,  is  always  found.  Some 
of  the  cells  originate  from  desquamation  of  the  alveoli;  others rejwe- 
sent  various  leucocytes. 

On  examining  the  lungs  of  individuals  dead  of  infectious,  it  is 
often  noted  that  crepitation  is  not  well  marked  at  certain  poinis, 
particularly  in  the  posterior  and  lower  parts :  the  lung  tissue  presenle 
a  red  color,  somewhat  bluish  or  blackish.  This  condition  is  desig- 
nated splenizaiion,  but  the  lesion  is  really  more  pronounced  thai 
this  term,  adopted  in  view  of  the  macroscopic  appearance,  inilicaiei. 

Coincidently  with  the  latter  lesion,  foci  of  pneumonia  are  oheervtd. 
Tliis  does  not  mean  that  splenization  represents  tJie  first  stage  of 
hepatization.  The  process  is  different,  and  splenization  at  niEDV 
points  gives  way  to  hepatization.  The  latter  is  characteriacfl,  as  is 
known,  by  a  transformation  of  the  tissue,  which  becomes  denize,  air- 
less, red  or  gray  in  color,  and,  at  least  when  it  is  red,  resembles  tie 
tissue  of  the  liver.  This  hepatization  takes  place  in  two  differen' 
ways:  Sometimes  it  affects  the  lobules  indi^ndually ;  at  other  times 
collectively.  This  distinction  is  expressed  by  the  terms  lobular  and 
lobar  pneumonia.  There  is  no  essential  difference  between  the  tfffi 
processes.  The  lesions  considered  in  themselves  may  be  iiieoticfli: 
tliey  may  be  equally  rich  in  celts  and  contain  the  same  aniouu'  n' 
fibrin.  In  true  pneumonia,  however,  all  the  parts  of  a  lobe  sie 
attacked  simultaneously,  and  all  present  the  same  stage  of  evolution. 
80  that  on  section  we  obtmn  a  homogeneous  slice.  In  lobular  ptif' 
monias,  even  when  they  are  of  pseudolobar  type,  the  lobule  *" 
invaded  one  by  one,  so  that  on  section  we  see  different  appearanc* 
the  process  is  more  advanced  in  some  than  in  other  lobules.  Mof' 
over,  since  in  most  cases  all  the  lobules  of  a  lobe  do  not  partidp''^ 
in  the  same  process,  the  result  is  a  mixture  of  complex  lesions,* 
that  by  the  side  of  foci  of  hepatization  or  of  a  nidus  of  brondr 
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Miriiinunia,  as  it  is  sometimes  called,  -ve  may  see  lesions  of  another 
tfder— edema,  sptenization,  or  emphysema. 

Lobular  is  far  more  frequent  than  lobar  pneumonia  in  the  course 
(infections.  The  latter  may,  however,  occur  iii  the  beginning  of 
lie  most  diverse  diseases.  The  most  commtm  association  is  that  of 
rphoid  and  pneumonia.  TTiese  pneiunonias,  appearing  from  the 
lart  of  an  infection,  occur  in  individuals  capable  of  reacting  in  an 
cioBt  Domial  manner,  and  generally  run  a  favorable  course,  behav- 
glike  plain  pneimionias.  The  author  observed  a  case  in  which 
Jeumonia  and  scarlet  fever  appeared  simultaneously,  and  the  evo- 
lion  ran  its  course  in  a  regular  manner.  Likewise,  during  con- 
itesceoce  pneumonias  are  often  benign  and  present  nothing  special. 
D  the  contrarj-.  during  the  stationary  period  pneumonias  possess 
ecial  eharaetCT? :  the  beginning  frequently  escapes  observation;  the 
epitant  r&Ie  Ls  absent  or  does  not  present  the  classical  features: 
nail  moist  rfiles  only  are  heard.  In  other  instances  the  blowing 
unrnir  is  obser\'ed  from  the  first.  The  reactionary  phenomena  are 
irisble.  At  times  dyspnea  or  aggravation  of  the  general  state  of 
lepatient,  as  expressed  by  high  temperature,  dryness  of  .tongue,  and 
wlwation  of  the  pulse,  lead  to  auscultation  of  the  lungs.  .  Evolu- 
M  is  sometimes  extremely  rapid ;  these  pneumonias  are  capable  of 
Uii^in  a.  few  hours.    When  life  is  prolonged  the  focus  manifests 

tendency  to  spread  and  undergo  purulent  transformation,  and 
ivade  the  pleura.    If  the  patient  survives,  resolution  of  the  lesions 

iMious.  In  fatal  cases  necropsy  reveals  hepatization  to  be  less 
r}'and  less  rich  in  fibrin  than  in  cases  of  plain  primary  pneumonia. 

U)bar  and  particularly  lobular  lesions  are  also  liable  to  invasion 
)■  sapropbj-tes  and  to  gangrenous  transformation.  It  must  be  recog- 
i»(l,  however,  that  pulmonary  gangrene  has  become  very  rare,  if 
f  (xcept  thase  cases  in  which  it  is  due  to  disorders  of  deglutition, 
liBoKaerved  in  diphtheritic  paralyses. 

Ue  last  pulmonary  manifestation  to  be  ob-servetl  is  hemorrhage. 
tufl  may  occur  in  the  form  of  a  circumscribed  infarct  or  a  diffuse 
filtration.  The  latter  variety  is  especially  frequent  in  those  infec- 
Jne  which  produce  important  blood  alterations,  notably  in  hemor- 
Sgic  variola.  It  may,  however,  be  encountered  under  other  cir- 
ilstances.  At  the  necropsy  of  an  indivitiual  dead  of  a  mahgnant 
Irlatina  the  author  found  diffuse  liemorrhage  in  both  lungs.  He 
0  obflepved  intense  congestion  in  tlie  right  and  diffuse  hemorrhage 
the  left  lung  of  a  man  who  died  on  the  fourth  day  of  an  erysipelas 
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with  progressive  asphyxia  and  high  temperature.  Circiunscribed 
hemorrhagic  foci  may  also  develop  as  an  epiphenomenon  in  a  nidm 
of  bronchopneumonia,  or  they  may  result  from  small  emboli  sent  by 
the  heart  or  vessels,  or,  finally,  by  circumscribed  thromboses. 

Among  these  various  manifestations  lobar  and  lobular  pneumoDiiB 
are  imdoubtedly  the  most  frequent.  Their  frequency  varies  accord- 
ing to  the  disease  and  the  age.  The  author's  statistics  show,  in  this 
connection,  that  measles  stands  at  the  head  of  the  list;  next  come 
erysipelas  and  diphtheria;  variola  occupied  the  fourth  position. 
Pulmonary  compUcations  are  altogether  exceptional  in  scarlatina  and 
varicella. 

The  influence  of  age  may  be  seen  if  all  the  observations  of  the 
author  are  put  together  regardless  of  disease.  The  patients  are 
divided  into  three  groups  with  regard  to  age :  (1)  First  childhood- 
i.  e.f  below  two  years  of  age;  (2)  second  childhood — i.  e.,  from  two 
to  fifteen  years  of  age ;  (3)  above  fifteen  years  of  age.  It  is  thuB 
found  that  pulmonary  complications  are  thirty  times  less  frequent 
for  the  same  diseases  in  adults  than  in  children  below  two  yean  of 
age.    Tliis  can  be  seen  from  the  following  table: 


Cases  toith 

Number  of 

Ptdmonary 

Fatal 

Percentage. 

Observations. 

Lesions. 

Cases. 

Morbidity.        MorUHtif. 

First  childhood     .           613 

134 

70 

21.9                  11.4 

Second  cliildhood            974 

67 

17 

6.9                   1.7 

Adults     .       .       .          6445 

48 

33 

0.7                   0.5 

Total 


8032 


249 


120 


3.1 


1.4 


The  author's  observations  further  show  that  pulmonary  complica- 
tions do  not  occur  with  the  same  frequency,  as  regards  the  age,  in 
the  various  diseases  under  consideration.  Here  is  the  result  of  our 
statistics : 


Classification  of  Infections  in  the  Order  of  Decre.ajsinq  Frequency  of 

Pulmonary  Complications. 


First  Childhood. 

Second  Childhood. 

Adidis. 

Measles,         31 .0 

per  cent. 

Diphtheria,  22.2  per  cent. 

Erysipelas,    6.2  per  cent 

Diphtheria,  28.5 

Measles,         20.7        " 

Variola,         2.3      " 

Scarlatina,     10.7 

Variola,            3.2        " 

Diphtheria,  0.9      " 

Kr>'sipelas,      9.0 

Scariatina,       1.3        " 

Measles,         0.6      " 

Variola,            9.3 

Erj'sipelas,      0.0        " 

Scariatina,    0.2      " 

Varicelhi,          1.0 

Varicella,         0.0 

Varicella,      0.0      " 

When  the  relative  mortality  in  pneumonia  is  examined  an  unex- 
pected fact  is  met  with,  namely,  that  bronchopneumonia  of  measles 
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the  complication  most  often  curable.  Finally,  if  we  consider 
ivity  according  to  age,  we  see  that,  in  the  majority  of  infections, 
»very  is  most  frequent  during  second  childhood.  Adults  are  sel- 
m  attacked,  but  when  they  are  the  prognosis  is  very  unfavorable, 
ice  the  mortality  varies  from  50  to  75  per  cent.  The  following 
mmary  shows  the  facts  in  this  respect : 

Percentage  of  MorialUy  in 
Ptdmonary  Infeetione. 

First  childhood 52.2 

Second  childhood 25.3 

Adults 68.7 

Thus  an  adult  attacked  by  bronchopneumonia  has  less  chance  of 
covery  than  a  child  under  two  years  of  age. 
Pieoritie  Lesions  in  Infections.  When  there  is  a  septic  or  non- 
ptic  lesion  in  neighboring  parts,  and  notably  the  lungs,  the  pleura 
adily  reacts;  hence  the  frequency  of  pleurisies  in  the  course  of 
rious  infections.  Inflammation  in  this  serous  membrane  may  be 
pressed  by  the  production  of  fibrinous  exudate,  thickening,  or 
eudomembranes.  Dry  pleurisies  represent  a  defensive  process 
lich  often  circmnscribes  the  pulmonary  lesion  and  in  certain 
ftances  prevents  rupture  of  the  lung.  When  inflammation  is 
ense,  effusion  takes  place,  which  effusion  may  be  serous,  purulent, 
trid,  or  hemorrhagic,  according  to  the  state  of  the  subject  and  the 
ture  of  the  pathogenic  agent. 

tows  PleuriBies.  Serous  pleurisy  often  develops  in  the  absence  of 
f  appreciable  pulmonary  manifestation.  It  has  long  been  the 
leral  belief,  therefore,  that  it  may  be  produced  by  such  common 
Bes  as  cold.  Since  the  contributions  of  Landouzy,  Kelsch,  Kiener, 
auffard,  and  Gombault,  and  on  clinical  as  well  as  anatomico- 
iiological  and  experimental  grounds,  pleurisies  from  cold  are 
ected,  and  the  general  opinion  is  that  any  pleurisy  which  cannot 
accounted  for  must  be  considered  suspicious,  as  it  is  almost  always 
pendent  upon  tuberculosis.  The  author  says  almost  always,  as  it 
^nceivable  that  it  may  be  caused  by  some  other  infection  or  by 
•ulmonary  alteration  escaping  observation.  This  restriction,  how- 
fr,  does  not  lessen  the  importance  of  tuberculosis  in  the  genesis 
apparently  primary  pleurisies.  The  importance  of  the  pleurisy 
J^be  so  great  as  to  relegate  the  pulmonary  lesion  which  has  caused 
3  the  background,  and,  as  the  pleuritic  inflammation  may  resolve 
disappear,  the  physician  naturally  hesitates  to  admit  the  tuber- 
t  nature  of  such  a  benign  process.     It  is  even  probable  that 

80 
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serous  pleurisy  represents  a  favorable  reaction  and  promotes  recov- 
ery. The  best  treatment  of  a  diseased  organ  is,  indeed,  to  impoae 
upon  it  perfect  rest.  By  compressing  the  lung,  by  preventing  ill 
expansion,  by  immobilizing  it  more  or  less  completely,  plemiBf 
diminishes  its  activity,  and  thus  realizes  the  major  indication  dis- 
covered by  therapeutists.  There  is,  therefore,  a  growing  tendency 
to  respect  effusions.  Barring  those  cases  in  which  the  effusion  be- 
comes dangerous  by  reason  of  its  too  great  amount,  puncture  is  to 
be  avoided.  Thoracentesis  is  indicated  at  a  later  period  when  there 
is  reason  to  believe  that  the  acute  tubercular  attack  which  caused  it 
is  overcome.  When  the  exudate  of  serous  pleurisies  is  examined, 
no  microbe  is  generally  detected.  It  may  be  assumed  that  the 
microbes  are  localized  in  the  diseased  membrane  or  that  pleurisy  iB 
due  to  the  action  of  toxins  secreted  in  the  pulmonary  foci.  In  some 
instances  examination  of  the  effusion  reveals  the  presence  of  bacterii 
and  even  pyogenics.  As  a  rule,  these  are  few  in  number,  and  the 
fluid  must  be  submitted  to  centrif  ugation  in  order  to  detect  than. 
Under  these  conditions,  streptococci  may  be  found  which,  belli 
probably  attenuated  by  the  germicidal  power  of  the  effusion,  have 
not  been  able  to  give  rise  to  a  suppurative  process. 

Pneumonia  is  admitted  to  be  the  most  frequent  cause  of  seroa 
pleurisy.  The  effusion  is  produced  during  the  stationary  period  or 
convalescence.  Acute  articular  rheumatism  is  given  the  second 
place ;  then  come  eruptive  fevers,  typhoid,  influenza,  and  whooping- 
cough.  Serous  pleurisy  has  also  been  observed  in  septicemias,  fy^ 
mias,  and  even  in  the  course  of  gonorrhea.  It  may  safely  be  assumed 
that  in  all  such  cases  the  pleural  effusion  is  caused  by  a  pulmonaiy 
lesion  which  is  too  small  to  be  appreciated  or  is  masked  by  the  pleural 
lesion.  Serous  pleurisy,  however,  is  not  of  frequent  occurrence  in  any 
of  the  infections  above  mentioned,  except  typhoid  fever.  If  reference 
is  made  to  the  author's  statistics,  but  four  cases  of  serous  pleurisy 
are  found.  During  convalescence  from  variola,  measles,  scarlatina, 
and  erysipelas  patients  developed  fever  and  complained  of  pain  in 
the  side.  Auscultation  revealed  the  presence  of  pleural  effusion,  the 
serous  nature  of  which  was  verified  by  an  exploratory  puncture,  b 
all  four  cases  recovery  was  effected  spontaneously  within  ten  days. 
Inoculations  with  these  exudates  was  not  practised ;  it  is,  therefor^i 
an  open  question  whether  the  effusions  depended  upon  latent  tuber- 
culosis, the  acute  infection  having  played  simply  the  role  of  an  inci- 
dental cause. 
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Fnralaiit  Planriaies.  After  the  details  given  in  treating  of  suppura- 
tion (p.  222),  the  author  will  not  dwell  upon  the  history  of  purulent 
pleurisies.  They  develop  under  the  same  conditions  as  serous  pleu- 
riries,  and  are  connected  with  these  by  a  series  of  transitions.  These 
two  processes  are  not  distinct.  Although  in  most  cases  pleurisy  is 
punilent  from  the  beginning,  it  is  not  rare  to  see  a  primarily  serous 
effusion  become  purulent.  Slight  modifications  in  the  virulence  of 
pathogenic  agents  suffice  to  accoimt  for  the  differences  in  the  process. 

Purulent  pleurisy  may  occur  in  the  course  of  various  pneumonias 
and  aggravate  prognosis.  A  certain  amount  of  pus  is  often  found  in 
fte  pleura,  whether  the  case  be  one  of  ordinary  pneumonia  or  a  sec- 
ondary one  complicating  measles,  variola,  or  erysipelas. 

Punilent  pleurisy  as  an  affection  apparently  independent  of  a 
pulmonary  lesion  is  not  of  frequent  occurrence.  The  author  has 
observed  several  such  cases.  One  occiured  in  a  w^oman  profoundly 
infected  by  gonorrhea;  she  developed  a  seropurulent  pleurisy  which 
was  spontaneously  cured  in  a  month. 

Sonorrhagic  PlenriBies.  As  gangrenous  and  putrid  pleurisies  have 
already  been  referred  to  (p.  240)  the  author's  intention  is  here  to 
tty  a  few  words  with  reference  to  hemorrhagic  pleurisies.  This 
^ety  of  effusion  when  not  dependent  upon  cancer  is  generally  due 
to  rapid  tuberculosis.  It  is  at  times  observed  in  pneumonia  and 
hronchopneiunonias;  it  may  occur  in  the  most  varied  infections,  as 
•  result  of  infectious  infarcts  (Ehrlich),  but  in  the  majority  of  in- 
stances it  is  a  complication  of  typhoid  fever.  The  author  does  not 
refer  to  bloody  effusions  observed  in  hemorrhagic  infections ;  these 
^  cases  of  hemothorax,  not  of  pleurisies. 

In  typhoid  fever  the  effusion  may  be  sero-hemorrhagic.  A  similar 
effusion  may  occur  in  plemisies  of  convalescence.  There  are  also 
pleurisies  with  Eberth's  bacillus  which  appear  independently  of 
typhoid  fever.  The  author  has  reported  such  a  case  studied  in  con- 
viction with  Dr.  Charrin.^    A  similar  case  was  published  by  Kelsch. 

I^eobronchial  Adenopathies.  Tlie  various  lesions  of  tlie  respir- 
atory apparatus  readily  influence  the  tracheobronchial  ganglia. 
^  the  necropsy  of  individuals  dead  of  pulmonary  affections,  espe- 
^'^Uy in  the  case  of  children,  these  glands  are  found  enlarged,  red,  and 
'Jiflamed.  These  acute  glandular  inflammations  commonly  subside 
^tt  gratifying  rapidity.    They  persist,  however,  in  certain  instances, 

'  Charrin  and  Roger.     Presence  du  bacille  d'Eberth  dans  un  6panchement  pleural 
Imorrhagiqiie.    Soc.  m^cale  dee  h^pit^ux,  April  17,  1891*. 
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and  explain  the  cough  resembling  that  of  whooping-cough  occurrinj 
consecutively  to  measles,  tj^Dhoid  fever,  and  particularly  influenza. 

In  the  absence  of  pulmonary  lesions,  some  infections  may  cause 
hypertrophy  of  the  tracheobronchial  glands.  Whooping-cough  is 
quite  notable  in  this  connection.  It  has  also  been  asserted  tha^ 
owing  to  lymphatic  anastomoses,  anginas  and  erysipelas  of  the  face 
may  produce  enlargement  of  these  glands. 

Since  the  works  of  Loomis  and  Pizzini  a  new  problem  confront 
us.    Koch's  bacillus  is  often  found  in  apparently  healthy  tracheo- 
bronchial glands  in  individuals  presenting  no  trace  of  tuberculosB. 
Kalbe  has  verified  this  fact  and  estimates  at  8  per  cent,  the  propor^ 
tion  of  glands  which,  though  seemingly  sound,  contain  the  bacillus. 
The  tubercle  germ  thus  remains  inoffensive  until  an  intercurrent 
disease  diminishes  the  resistance  of  the  organism.    The  infectionaa 
which  easily  affect  the  bronchial  glands  are  those  most  capable  otf* 
thus  giving  rise  to  an  attack  of  tuberculosis.    It  is  therefore  readilj^ 
conceivable  that  whooping-cough  and  measles  play  a  notable  r6l^ 
in  this  connection. 

Remote  Oonsequences  of  Infectious  Lesions  of  the  Eespiratoir 
Apparatus.  As  is  the  case  in  lesions  of  other  parts  of  the  organism, 
so  those  of  the  respiratory  apparatus  may  be  completely  cured. 
WTien,  however,  they  are  profound  or  repeated,  these  lesions  are 
often  followed  by  irremediable  alterations.  Emphysema  of  an  almost 
incurable  character  and  even  splenization  are  often  observed  after  a 
bronchopneumonia.  The  author  is  therefore  inclined  to  refer  to 
lesions  of  early  age  the  pulmonary  emphysema  so  frequently 
observed  in  adult  and  advanced  age. 

As  in  other  parts,  cicatrization  of  lesions  may  give  rise  to  sclerosis- 
\\Tien  the  lung  is  involved  in  the  process  the  alveolar  walls  and 
vascular  ramifications  are  thickened.  The  same  lesion  is  obsen'^d 
in  the  pleura,  which  becomes  thickened  at  certain  points,  or  its  two 
layers  may  be  adherent  to  each  other.  Finally,  sclerotic  lesions  may 
increase  emphysema  and  at  times  cause  bronchial  dilatations. 

It  is  thus  possible  to  connect  various  chronic  lesions  which  fff* 
quently  coexist  and  seem  to  be  the  remote  results  of  changes  arising 
from  infections.  1 
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bflnence  of  Infections  upon  the  Digestive  Apparatus. 

h  examining  a  patient  the  physician  generally  does  not  overlook 
tte  condition  of  the  tongue.  This  inquiry  is  particularly  important 
®  infectious  diseases,  as  it  may  give  diagnostic  and  prognostic  indi- 

!  cations  of  considerable  value.  A  tongue  which  is  excoriated  on  the 
borders  is  a  good  sign  of  typhoid  fever;  an  opaUne  or  porcelain 
tongue  is  quite  peculiar  to  influenza;  the  red,  raspberry-Uke  tongue 
^  obeen-ed  especially  in  scarlatina.  From  a  prognostic  standpoint 
*ke  importance  of  moisture  or  dryness  of  the  tongue  is  well  known. 
'Rien  this  organ  manifests  a  slight  trembling  extending  to  the  Ups 
*nd  rendering  speech  jerky  it  indicates  the  imminence  of  delirium 
tremens. 

Usions  of  the  mouth  and  throat  are  extremely  frequent  in  the 
Wnrse  of  infectious  diseases;  but  their  study  is  difficult,  and  the 
"ifferentiial  characters  ascribed  to  them  are  not  very  certain.  Even 
"*cteriological  examination  is  not  free  from  considerable  difficulties 
*nd  not  infrequently  leads  to  errors.  In  fact,  the  buccal  cavity  is 
^dely  open,  and  even  under  normal  conditions  is  inhabited  by 
multitudes  of  microbes.  Microscopic  examination  and  cultivation 
Alwa)T3  reveal  bacterial  associations  (p.  145). 
It  has,  however,  been  possible  to  determine  certain  clinical  types 

corresponding  to  a  bacteriological  formula.    In  the  first  place,  diph- 
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theria  is  such  a  type ;  then  buccopharyngeal  localizations  of  geoenl 
infectious  diseases:  the  eruptive  fevers,  syphilis,  and  tubercutai 
give  rise  to  well-determined  buccal  lesions.  In  some  instances  difia 
entiation  is  based  upon  clinical  observation,  and,  therefore,  it  is  po 
sible  to  doubt  its  value.  Such,  for  instance,  is  the  case  in  scarlatin 
angina,  which  is  considered  by  some  authorities  as  an  enanthoi 
produced  by  the  scarlatinal  virus,  by  others  as  a  common  inflai 
mation  due  to  the  streptococcus.  This  constant  intervention  oft 
streptococcus  in  all  buccopharyngeal  inflammations  further  comj 
cates  the  question.  Hence,  as  was  indicated  by  Dr.  Lemoine,  ^ 
the  r61e  of  this  agent  is  to  be  determined,  it  is  necessary  to  look  i 
it  in  the  deeper  parts  of  the  tissues ;  for  example,  by  pimcturing  t 
tonsils,  since  if  one  is  contented  with  buccopharyngeal  exudafe 
one  may  obtain  a  virulent  streptococcus  without  having  any  rig 
to  draw  a  conclusion  from  this  experiment.  In  fact,  it  has  be 
demonstrated  that  certain  germs  are  exalted  in  the  course  of  vario 
diseases,  which  is  particularly  true  as  regards  the  microbes  of  t 
mouth,  and  notably  the  streptococcus.  We  are  thus  able  to  expb 
certain  facts  which  would  otherwise  appear  very  strange,  i 
example,  the  saUva  of  a  scarlatinal  patient  expelled  into  the  ph; 
ician's  face  is  known  to  have  produced  erysipelas.  The  author  I 
observed  a  great  number  of  simple  sore  throats  contracted  by  in 
viduals  nursing  scarlatina  cases.  Finally,  what  seems  to  be  m 
demonstrative  is  the  fact  that  parents  whose  children  suffered  fr 
diphtheria  contracted  at  their  bedsides  erythematous  or  exudal 
anginas  in  which  Loeffler's  bacillus  could  not  be  detected.  This  i 
suffices  to  show  that  the  diphtheritic  microbe  may  favor  exaUat 
of  the  ordinary  bacteria  which,  in  their  turn,  produce  by  conta^ 
sore  throats  among  those  surrounding  the  patient. 

Buccopharyngeal  Manifestations  in  Measles.  In  measles  an  en 
thema  analogous  to  the  cutaneous  eruption  is  observed  in  the  pal; 
Like  the  latter,  it  appears  in  the  form  of  small  discrete  spots  of 
intense  red  color.  Certain  symptoms  observable  in  the  mouth  em 
the  physician  to  make  an  early  diagnosis.  Such  is  erythemat< 
pultaceous  gingivitis,  to  which  Comby  has  dra\^Ti  special  attenti 
a  white  coating,  which  is  formed  of  desquamated  epithehal  cells,  i 
may  readily  be  wiped  out  by  slight  friction,  is  seen  upon  the  gu 
This  manifestation  is  perfectly  plain;  it  remains  to  be  seen  whet 
it  is  specific.  More  value  is  attached  to  KopUk's  sign,  whicl 
appreciable  as  early  as  the  first  or  second  day  of  invasion,  and  du 
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pears  when  the  cutaneous  eruption  appears.  The  sign  consists  in 
aruJl,  bluish-white,  slightly  elevated  spots,  surrounded  by  a  red 
drcle,  and  varying  in  size  from  1  mm.  to  5  mm.  (0.04  to  0.2  inches), 
and  in  number  from  five  to  twenty.  These  appear  upon  the  mucous 
membrane  of  the  lips,  tongue,  and  inner  surface  of  the  cheeks  between 
the  labial  commissure  and  the  opening  of  Stenons  duct.  These  pro- 
ductions are  formed  of  fatty  epithelial  cells,  resist  friction,  but  can 
be  removed  by  means  of  forceps. 

These  various  manifestations  should  not  be  mistaken  for  inflam- 
matory processes ;  they  are  simple  enanthemata. 

Among  buccal  manifestations  we  must  note  angina,  which  may  be 
observed  during  the  invasion  of  measles.  It  is  a  complication  of 
exceptional  occurrences,  at  least  in  adults.  It  may  also  be  observed 
during  convalescence.  The  author  has  observed  twenty-six  such 
cases.   It  is  generally  an  erythematous,  seldom  a  pultaceous,  angina. 

Buecopharyngeal  Manifestations  in  Scarlatina.  As  is  known,  buc- 
copAarjmgeal  manifestations  are  far  more  frequent  in  scarlatina  than 
hi  measles.  The  angina  is  the  initial  phenomenon,  and  is  never  absent. 
Here  are  two  principal  hsrpotheses  as  to  its  nature :  the  buccophar- 
yngeal symptoms  may  be  considered  as  a  simple  enanthema,  or  it 
niay  be  held  to  be  a  true  angina  due  to  the  microbe  of  scarlatina. 
To  the  former  opinion  it  may  be  objected  that  the  inflammatory 
phenonaena  are  too  intense  and  that,  while  a  patient  suffering  from 
Dteasles  does  not  say  anything  regarding  his  throat,  a  scarlatinal 
patient  first  complains  of  pain  in  deglutition.  This  objection  can 
'wdily  be  answered  by  the  statement  that  scarlatinal  enanthema  is 
ni(»e intense;  the  difference  is  one  of  degree,  not  of  nature.  It  pro- 
^luces  alteration  in  the  epithelium,  and  thus  permits  buccal  germs  to 
^use  further  injury  in  the  mucous  membrane.  It  is  also  to  be  noted 
ttat  in  certain  cases  of  scarlatina  angina  is  mild  and  the  patient 
^ers  little ;  there  are  a  great  many  intermediate  degi'ees  between 
^  mildest  and  the  severest  manifestations. 

Tie  other  parts  of  the  mouth  are  little  affected,  except  the  tongue, 
*Wdi  is  involved  in  the  eruptive  process.  From  the  third  to  the 
^  day  the  epithelium  of  the  tongue  is  desquamated,  and  the  organ 
•*umes  a  characteristic  appearance  comparable  to  that  of  a  straw- 
1^.  It  is  not  a  glossitis,  since  the  patient  does  not  experience  any 
pwn  or  any  fimctional  trouble.  It  is  simply  a  process  of  desquama- 
tion similar  to  that  of  the  skin,  and  its  early  occurrence  in  the  tongue 
B  explained  by  the  moisture  of  the  region. 
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The  greater  intensity  of  the  scarlatinal  exanthema  explains  the 
frequency  of  secondary  buccopharyngeal  infections.  The  buccal 
streptococcus  is  exalted  and  produces  various  alterations  lAiA, 
appear  simultaneously  with  the  specific  angina,  or  a  few  days  later, 
and  at  times  pnly  during  convalescence. 

In  scarlatina,  as  in  measles,  angina  may  assimie  a  gangrenous  cha^ 
acter.  This  evolution  occurred  in  two  of  the  author's  cases— chil- 
dren; one  of  them  thirteen  months  and  the  other  three  months  old, 
and  both  succumbed.  The  uvula  and  tonsils  were  completely  sphace- 
lated in  both  instances.  Cultivation  from  the  lesions  revealed  the 
presence  of  streptococcus,  staphylococcus,  and  a  non-virulent  anae- 
robic microbe. 

Baccopharjmgeal  Manifestations  of  Varicella  and  Variola.  Yan- 
cella  and  variola  may  also  give  rise  to  buccopharyngeal  phenonicDa. 
Here,  however,  the  question  is  not  one  of  erythema;  vesicles  and 
pustules  appear  just  as  in  the  skin.  The  eruption  is  generally  scanty 
in  varicella,  and  is  produced  in  all  parts  of  the  mouth  without  dis- 
tinction— cheeks,  palate,  tongue,  and  gums.  Variolar  eruption  is  of 
greater  importance.  It  sometimes  appears  early,  and  may  then  serve 
as  a  diagnostic  guide.  When  it  appears  at  the  same  time  as  ^ 
cutaneous  eruption  it  evolves  more  rapidly,  and  thus,  in  doubtful 
cases,  when  the  diagnosis  between  measles  and  variola  is  undecided, 
examination  of  the  throat  removes  all  doubt:  papules  and  vesico- 
pustules  are  seen  occupying  the  palate,  uvula,  pillars,  gum,  tongue, 
and  cheeks.  This  eruption  is  very  copious  in  coherent  and  confluent 
variolas  and  causes  dysphagia  from  the  sixth  or  seventh  day;  it  may 
then  aggravate  prognosis  considerably  by  disturbing  alimentation.* 

Buccopharyngeal  Manifestations  in  Various  Infections.  ^^ 
might  review  all  infectious  diseases,  since  all  may  affect  the  buccal 
cavity.  Angina  is  frequently  observed  in  typhoid  fever,  in  which 
its  appearance  is  quite  variable,  being  sometimes  pultaceous,  at  times 
ulcerative,  and  in  other  instances  gangrenous.  It  is  generally  ad- 
mitted that  erysipelas  frequently  begins  with  throat  symptoms. 
This  classical  oi)inion  seems  to  the  author  inexact.  It  must  be  due 
to  the  fact  that  patients  generally  speak  of  sore  throat  when  they 
suffer  from  painful  enlargement  of  the  lymphatic  glands  often  accom- 
panying the  cutaneous  lesions,  and  sometimes  preceding  them  by  a 
day  or  two.     In  two  instances  they  existed  four  days  before  the 

*  Coste.    Quclquos  consid6ratioiis  sur  le  diagnostic,  le  pronostic  et  le  traitement  * 
la  variole.     Marseille  m6d.,  January,  1898. 
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ppearance  of  er3rsipelas.  In  some  cases,  however,  erysipelatous 
iDgiDa  does  occur.  In  twenty  of  the  author's  cases  it  announced 
Htm  onset  of  the  disease.  In  a  youth  of  fifteen  years  of  age  erysipe- 
latous inflammation  started  from  the  tongue,  which  was  highly 
swollen  and  very  painful  and  presented  a  couple  of  bullae  which  soon 
opened  and  gave  issue  to  a  sanguinolent  discharge. 

Stomach. 

Numerous  observations  have  proved  the  involvement  of  the  stom- 
ach in  infectious  processes.  The  gastric  disturbances  may  theoreti- 
cally be  classed  in  four  groups  according  as  they  are  of  nervous, 
muscular,  chemical,  or  microbic  origin.  Unfortunately,  accurate 
investigations  are  lacking  and  are  very  diflicult.  Gastric  chemism 
can  hardly  be  studied  in  the  course  of  acute  infections.  In  view, 
however,  of  the  coated  condition  of  the  mouth,  the  disgust  expe- 
rienced by  patients  for  food,  and  frequent  vomiting  of  undigested 
aliments  it  may  safely  be  assumed  that  the  digestive  secretions  no 
longer  possess  their  normal  characters.  At  any  rate,  it  is  in  nowise 
to  be  wondered  at  that  gastric  secretion  is  also  disturbed  when  all 
the  other  secretions  are.  Moreover,  chronic  gastritis  so  often  follows 
the  evolution  of  acute  diseases  that  it  seems  perfectly  rational  to 
Msume  a  causal  relation  between  the  two  processes. 

As  in  many  other  visceral  disturbances,  vomiting  is  often  of  nervous 
wigin.  We  refer  particularly  to  vomiting  at  the  onset  of  infections. 
It  occurs  soon  after  the  initial  chill,  and  accompanies  the  first  symp- 
toms. At  this  stage  of  evolution  gastric  alterations  cannot  be  sup- 
posed to  have  taken  place,  and,  in  fact,  the  vomiting  is  a  transitory 
Dicident.  It  is  often  observed  in  the  beginning  of  scarlatina,  measles, 
*nd  erj'sipelas.  In  the  latter  disease  it  sometimes  represents  the 
^  symptom  of  a  relapse.  Special  mention  must  be  made  of  the 
^M  vomiting  in  variola,  occurring  for  twenty-four  or  forty- 
%ht  hours  coincidently  with  extremely  intense  pain  in  the  epigas- 
^'i^;  its  diagnostic  value  is  no  less  important  than  that  of  rachi- 

Vomiting  during  the  stationary  period  and  convalescence  express, 
^^the  contrary,  gastric  alteration.  Hence  they  are  more  persistent 
^dhave  an  unfavorable  prognostic  significance.  It  is  to  be  acknowl- 
<lged,  however,  that  they  are  not  very  frequently  observed,  and  it 
^  surprising  to  see  patients  overcome  their  dislike  for  nourishment 
Qd  digest  their  food  so  well.    It  has  thus  been  possible  to  feed 
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typhoid  cases.    In  the  author's  wards  variolar  patients  receive 
tively  abundant  nourishment  without  any  inconvenience. 

Observations  by  Kalmus,  Hayem,  Lion,  and  others  demon 
the  possibility  of  an  invasion  of  the  gastric  glands  by  microbes, 
trie  ulcerations  of  typhoid  fever  have  long  been  known.  Dieul 
observations  proved  the  gastric  localization  of  the  pneumoc 
The  same  observer  has  called  attention  to  hematemesis  occ 
in  the  course  or  at  the  end  of  an  appendicitis  or  internal  st 
lation.  Having  in  several  instances  opened  the  stomach  oi 
viduals  dead  of  variola,  the  author  has  sometimes  found  ei 
which  are  at  times  quite  profound.  Diffuse  bloody  infiltratio 
numerous  ulcerations  may  be  found  in  cases  of  hemorrhagic  \ 
explaining  the  occurrence  of  hematemesis  during  life. 

These  facts,  which  enable  us  to  understand  the  mechan 
acute  gastric  phenomena  in  the  course  of  infections,  may  be  c 
support  of  the  opinion  that  chronic  ulcerations,  notably  simple 
are  of  microbic  origin.  The  process  is  less  intense  and  moi 
than  in  the  case  of  acute  disorders,  and  the  lesion  insidiously : 
gives  rise  to  symptoms  long  after  the  termination  of  the  inf 
malady  of  which  it  is  a  remote  consequence. 

Primary  or  predominant  attacks  by  general  specific  infecti< 
rarer  in  the  stomach  than  in  other  organs.  Anthrax,  tuber< 
and  sjqDhilis  of  the  stomach  are  but  exceptionally  observed, 
cases  phlegmonous  gastritis  may  occur  as  a  primary  or  a  scc< 
manifestation  in  pyemia,  and,  according  to  observations  of  i 
Mintz,  and  Derbek,  seems  to  be  due  to  the  streptococcus. 

Disturbances  and  Lesions  of  the  Intestine  in  Infecti< 

Almost  all  infectious  diseases  produce  intestinal  disturbance 
latter,  like  those  of  the  stomach,  may  be  of  nervous,  mu 
chemical,  or  bacterial  origin.  The  influence  of  bacterial  ac 
considerable ;  numerous  researches  have  demonstrated  that  int 
microbes,  notably  the  colon  bacillus,  become  virulent  in  the 
of  infections.  This  fact  has  a  double  interest.  When  a  highl; 
lent  bacillus  is  found  in  the  intestine  the  disturbances  observe 
be  erroneously  attributed  to  its  action.  On  the  other  han 
increased  activity  of  the  intestinal  germs  accounts  for  certaii 
symptoms,  such  as  tympanites — perhaps  favored  by  tern 
atony  of  the  muscular  fibers — diarrhea,  and  even  certain  (, 
manifestations,  some  kind  of  secondary  digestive  autointoxi 
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Tlus  constant  participation  of  the  intestine  in  infectious  processes 
explains  the  development  of  clironic  conditions:  some  individuals 
continue  to  suffer  from  certain  intestinal  disorders,  notably  from  a 
tendency  to  diarrhea,  on  the  slightest  dietetic  error  or  cold;  others 
suffer  from  rebellious  constipation.  The  author  has  observed  several 
instances  of  mucomembranous  enteritis. 

We  are  thus  led  to  the  question  whether  or  not  infections  play  a 
rWe  in  the  development  of  appendicitis.  This  theory  seems  plaus- 
ible. The  frequency  of  follicular  lesions  of  the  intestine  give  it  some 
support,  but  facts  hardly  respond  to  what  is  expected.  Only  once 
in  our  wards  has  the  author  seen  appendicitis  follow  measles.  On  the 
other  hand,  having  examined  a  certain  number  of  appendices  at  the 
iKcropsy  of  indi\'iduals  dead  of  various  infections,  particularly  vari- 
ola, the  author  has  detected  no  lesions.  The  importance  of  these 
negative  results  should  not  be  exaggerated,  however.  More  numer- 
ous investigations  are  required  in  order  to  determine  the  value  of 
the  theory  which  is  perfectly  consonant  with  the  data  of  general 
pathology. 

As  ab^ady  stated,  intestinal  functions  seldom  remain  regular  in 
the  course  of  infectious  diseases.  Sometimes  constipation  predom- 
inates, as  is  the  case  in  erysipelas;  at  other  times,  diarrhea  which,  by 
fs^n  of  its  too  great  severity,  may  prove  fatal.  Some  authors  have 
tecribed  an  intestinal  form  of  scarlatina  characterized  by  profuse 
And  mcessant  evacuations.  As  a  rule,  intense  and  generally  bilious 
^hea  is  observed  in  the  beginning  of  measles;  it  seems  to  be 
^spendent  upon  an  intestinal  enanthema.  At  a  more  advanced 
Period  choleriform  or  dysenteriform  diarrheas  may  appear  which, 
^^xt  to  bronchopneumonia,  represent  the  gravest  complications  of 
fte  disease.  This  complication  is  particularly  dangerous  in  the  case 
<^f  children.  The  author  has,  nevertheless,  observed  the  case  of  an 
^ult  who,  at  the  end  of  measles,  succumbed  to  putrid  pleurisy  of 
^testiual  origin. 

Even  in  a  benign  disease,  such  as  varicella,  intestinal  disorders 
'^y  prove  fatal  in  young  children.  It  is,  however,  in  variola  that 
"^complication  is  of  particular  importance.  Trousseau  laid  stress 
^Pon  the  diarrhea  of  the  invasion  period,  which  ceases  as  soon  as 
*ne  eniption  appears.  While  constipation  is  the  rule  in  slight  cases 
during  the  stationary  period,  diarrhea  renders  the  i)rognosis  unfav- 
^le  in  serious  cases.  It  is  a  fetid  and  profuse  diarrhea,  resisting 
fllost  medicaments,  and  is  hardly  checked  by  astringents  and  notably 
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by  preparations  containing  tannin.  In  hemorrhagic  variola  bl 
stools  are  frequent.  In  certain  cases,  especially  toward  the  ci 
the  stationary  period,  the  stools  may  contain  a  certain  amou 
blood;  this  is  a  complication  of  importance,  but  does  not  render 
nosis  particularly  bad.  In  fact,  the  author's  observations  shoii 
of  all  visceral  hemorrhages  enterorrhagia,  when  alone,  is  the 
grave. 

It  is  not  necessary  to  describe  the  intestinal  localizations  of  s] 
diseases.  As  in  the  case  of  the  stomach,  localization  of  ani 
tuberculosis,  syphilis,  and  actinomycosis  may  also  occur  in  the 
tine.  Tuberculosis  of  the  stomach  is  an  event  of  very  rare  < 
rence,  while  it  is  quite  frequent  in  the  intestine,  where  it  may  a 
the  most  varied  forms. 

Amebic  Dysentery  and  Bacterial  Dysentery.  In  the  classiiit 
of  infectious  diseases  (pp.  24-30)  it  was  stated  that  two  princij 
fectioas  localize  thentselves  in  the  alimentary  canal,  viz.,  cholei 
dysentery.  Typhoid  fever,  when  classed  with  septicemias, 
also  be  included  in  this  group;  leaving  it  aside,  however,  the  t 
will  consider  only  cholera  and  dysentery.  The  specific  nature 
former  disease  has  been  demonstrated  by  clinical  observatio 
epidemiology,  as  well  as  by  Koch's  discovery.  The  author 
expand  at  some  length  upon  dysentery.  Most  clinicians  hole 
be  a  disease  perfectly  defined  and  possessing  full  autonomy.  ] 
riological  investigations,  however,  seem  to  lead  to  a  quite  dil 
conclusion. 

Certain  authorities  attribute  dysentery  to  amebse.  Nun 
observations  reported  by  Kartulis  seem  to  be  convincing.  I 
researches  of  Marchoux  demonstrate  that  amebae  may  prodi 
cats  a  disease  analogous  to  dysentery  and  even  induce  h 
abscesses.  This  experimental  result  confirms  those  observ^ati* 
which  protozoa  only,  in  the  absence  of  all  bacteria,  were  foi 
the  pus  of  dysenteric  abscesses  of  the  liver. 

Numerous  observations  have  been  recorded  in  which  a 
were  not  found.  On  the  other  hand,  bacteriologists  have  des* 
various  bacteria  detected  in  cases  of  dysentery.  Some  have 
special  microbes  of  tlie  bacillary  form  (Ziegler,  Babes,  Ogal 
presenting  the  appearance  of  diplococci  (Silvestre) ;  others  haA 
with  bacteria  which  were  already  known,  such  as  the  streptoc 
bacillus  pyocyaneus,  and  proteus  vulgaris.  The  majority  of  a\ 
ties,  however,  have  isolated  bacilU  related  to  the  colon  baci 
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nipying  an  intennediate  position  between  the  latter  and  the 
phoid  bacillus;  it  will  suffice  to  cite  the  names  of  Klebs,  Chante- 
»e,  Widal,  GrigoriefF,  Laveran,  Arnaud,  and  especially  Celli  and 
liga,  who  have  recorded  highly  interesting  researches  on  this  sub- 

Experimenting  with  dysenteric  dejecta  kindly  sent  him  by  con- 
te  practising  in  countries  where  the  disease  is  endemic,  the 
ithor  foimd  no  amebsB  in  any  instance,  but  a  bacillus  resembling 
le  ordinary  bacillus  coli.  It  readily  developed  in  bouillon,  to  which 
imparted  a  very  disagreeable  putrid  odor.  Agar-agar  was  covered 
jT  a  viscid,  thick  layer;  gelatin  was  not  Uquefied,  but  small  gaseous 
oil®  were  at  times  seen  in  its  deeper  parts;  milk  was  generally 
Migulated  within  forty-eight  hours,  and  the  medium  became  acid, 
n  potatoes  a  yellowish  culture  was  obtained. 
What  right  have  we  to  conclude  that  this  bacillus  is  the  cause  of 
le  disease?  Have  we  not  in  the  presence  of  the  ordinary  colon 
adllus,  a  constant  resident  of  the  human  intestine?  The  question 
i  certainly  difficult  of  solution.  In  favor  of  the  pathogenic  r61e  of 
lis  bacterium  its  action  upon  animals  may  be  advanced,  which 
ction  varies  according  to  the  degree  of  gravit)''  of  symptoms  observed 
I  man.  Another  argument  in  support  of  the  pathogenic  r61e  of  this 
ucrobe  is  based  upon  the  fact  that  it  produces  extremely  powerful 
Jxins  in  cultiu'e  media.  The  sterilized  cultures  when  injected  into 
ifi  veins  of  rabbits  cause  diarrhea  which  at  times  is  so  severe  as 
>  be  almost  a  continuous  flow.  Tliese  facts  suffice  to  establish  the 
idividuality  of  the  dysenteric  colon  bacillus.  Another  fact  which 
Imparts  to  it  a  particular  feature  and  conclusively  shows  its  patho- 
^c  r&le  in  man  is  that  the  serum  of  patients  convalescent  from 
ysentery  agglutinates  the  dysenteric  colon  bacillus,  but  does  not 
Bjlutinate  the  ordinary  colon  bacillus.  This  was  noticed  by  the 
uthor  and  by  Celli  and  Shiga.  Flexner^  has  obtained  agglutination 
"rth  the  serum  of  patients  suffering  from  bacterial  dysentery,  while 
^  result  has  been  negative  in  the  case  of  amebic  dysentery.  Tlie 
^0'  of  dysentery  is,  therefore,  to  be  divided  into  two. 
Oholeriform  and  Dysenteriform  Ententes.  Alongside  of  the  spe- 
fic  intestinal  infections  spoken  of  above  are  to  be  placed  common 
ifections  which  simulate  them. 
Qioleriform  gastroenteritis,  which  has  long  been  knowTi,  resembles 

'  Fkzner.     On  the  Etiology  of  Tropical  Dysenter\'.     Bulletin  of  the  Jolms  Hopkins 
•piUl,  October,  1900. 
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genuine  cholera  by  its  symptoms.  Distinction  between  the  twolm 
been  based  upon  epidemiological  data.  Bacteriology  haa  demco- 
strated  the  absence  of  the  comma  bacillus  in  such  cases,  of  vbidi 
numerous  examples  are  every  year  observed  during  the  hot  searai, 
even  in  temperate  climates.  Likewise,  dysenterifonn  enteritc8Ut 
met  with  in  the  form  of  small  epidemics.  The  stools  contain  no 
amebte,  but  a  bacillus  distinctly  different  from  the  dysenteric  coka 
bacillus  above  described. 

The  fact  that  such  analogous  manifestations  are  produced  by 
dififerent  parasites  is  not  to  be  wondered  at.  It  is  well  known  U 
certain  poisonings  are  expressed  by  symptoms  similar  t«  those  of 
cholera;  such,  for  instance,  is  the  case  in  poisoning  by  tartar  emetie. 
On  the  other  hand,  intoxication  by  corrosive  sublimate  gives  liae 
to  lesions  and  symptoms  comparable  to  those  of  dysentery.  ClinieJ 
observation  is  not  yet  sufficient  to  give  us  an  accurate  idea  of  the 
nature  of  all  these  acute  enterites;  it  does  not  yet  enable  us  to 
trace  them  with  certainty  to  their  cause,  to  determine  the  infecticiw 
agents  responsible  for  their  development,  or  even  to  discern  with 
precision  infections  from  toxic  manifestations.  These  remarks  st 
equally  applicable  to  cholera  and  dysentery.  Hence  it  seems  to 
me  that  the  present  task  of  the  clinician  is  to  determine  and  describe 
the  differential  characters  which  will  lead  to  definite  distinction  "1 
the  diverse  forms  of  dysentery  and  to  concordance  of  clinical  obsef- 
vations  with  bacteriological  findings. 

Choleriform  Oastxoenteritis  and  Seasonal  Diarrheas.  Seafooal 
diarrheas  may  assume  either  clioleriform  or  dysenteriform  character?. 

The  frequency  of  choleriform  diarrhea  varies  somewhat  from  one 
year  to  another,  as  may  be  seen  from  the  following  figures: 
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Seasonal  influence,  although  undoubted,  is  not  always  the  siinif- 
Some  cases  arc  at  times  met  ^\ith  during  the  cold  season.  Tbe 
greatest  number,  however,  occur  in  August,    This  is  indicated  liy 
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ay  statistics,  but  fully  shown  by  those  of  the  French  army.  It  may 
leseen  therein,  for  example,  that  the  monthly  morbidity  of  diarrhea 
unounta  to  750  cases  in  June,  1350  in  July,  reaches  1700  in  August, 
ind  falls  to  1000  or  1100  during  the  following  month. 

The  influence  of  heat,  ingestion  of  fruits  and  ice  water  do  not 
juffice  to  explain  the  genesis  of  the  phenomena.  The  r61e  of  water 
miBt  first  be  taken  into  account.  The  noxous  influence  of  the 
latter  was  recognized  by  ancient  observers,  particularly  by  Hippoc- 
rates, and  has  been  demonstrated  by  numerous  contributions  of 
fwent  period.  It  has  thus  been  learned  that  epidemics  of  diarrhea 
wnetimes  coincide  with  those  of  catarrhal  icterus,  typhoid,  and 
nalarial  fevers.  In  Paris  diarrhea  and  typhoid  regularly  appear 
then,  in  summer,  Seine  water  is  drunk  instead  of  spring  water.  It 
hould  not  be  concluded,  however,  that  alterations  in  water  suffice 
i  themselves  to  account  for  the  frequency  of  seasonal  diarrhea, 
leat  seems  to  disturb  the  functions  of  the  intestine  and  hinder  the 
ecretion  of  ferments ;  it  leads  to  drinking  of  considerable  quantities 
i  Hquids  which  dilute  and  weaken  the  digestive  juices.  Moreover, 
iliinents  are  more  readily  altered  and  fermented  in  the  hot  season, 
jfistly,  a  part  is  played  by  overexertion,  as  is  so  frequently  observed 
unong  soldiers  during  fall  maneuvers  and  in  the  time  of  war. 

Unlike  genuine  cholera,  diarrheas,  even  when  assuming  choleri- 
fonn  appearance,  do  not  seem  to  be  due  to  a  specific  agent.  The 
opinion  is  gaining  ground  that  the  colon  bacillus  is  the  principal 
^Sent  concerned.  This  microbe  acts  by  secreting  toxic  substances 
^  the  alimentary  canal,  and  thus  gives  rise  to  the  development  of 
forbid  manifestations.  The  principal  poison  contained  in  the  stools 
^^  found  by  Dr.  Robert,  who  pursued  researches  in  our  laboratory, 
^  be  a  substance  which  is  precipitated  by  alcohol.  Its  injection 
^^  the  rabbit  causes  diarrhea,  hypothermia,  myosis,  and  at  times 
J^tagmus  and  convulsions.  If  the  animal  recovers,  hypothermia 
followed  by  hyperthermia,  which  may  be  considered  as  a  reaction 
the  organism.  These  results,  when  compared  with  those  obtained 
^  the  emplojrment  of  steriUzed  cultures  of  the  colon  bacillus,  lead 
*  to  the  conviction  that  the  symptoms  of  gastroenteritis  may 
'^y  be  explained  by  the  theory  of  intoxication.  Some  author- 
^  hold  dehydration  responsible  for  cramps.  This  interpretation 
'  not  plausible,  since  the  intensity  of  cramps  is  related  to  the 
ravity  of  the  phenomena  rather  than  to  the  amount  of  alvine 
t'acuations.    Moreover,  cramps  may  appear  wdth  the  first  stools, 
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and  may  at  times  precede  them.    When  the  general  condition  if 
improved,  cramps  disappear,  while  diarrhea  still  continues. 

The  toxins  are  rejected  by  means  of  vomiting  and  diarrhea,  \diick 
represent  reactionary  phenomena  designed  for  the  elimination  of 
the  poisons.  Hence,  administration  of  a  purgative  and  lavage  of 
the  stomach  often  reUeve  the  distm-bances  by  completing  nature's 
task. 

Among  the  organs  affected  the  liver  must  first  be  mentioneA 
In  one-eighth  of  the  cases  this  gland  is  enlarged  and  often  painM 
on  palpation.    The  liver  must  struggle  against  the  toxins 
protect  the  organism;  but  it  is  often  injured  in  its  resistance, 
this  organ  is  constantly  found  degenerated  at  the  necropsj-.    The 
kidneys  are  seldom  involved,  albmninuria  is  quite  rare,  which  I 
have  observed  only  in  one-seventh  of  the  cases. 

The  mortality  from  seasonal  gastroenteritis  is  not  very  high. 
Out  of  a  total  of  160  patients  we  lost  14  (8.7  per  cent.).  In  most 
cases  death  occurs  at  the  end  of  three  or  four  days.  In  certain 
instances,  however,  it  supervenes  speedily.  Thus,  a  young  man, 
twenty-three  years  of  age,  was  taken  sick  on  August  26,  1899,  at 
6  A.M.,  with  fetid  diarrhea  and  vomiting.  He  was  brought  to  the 
hospital  on  the  same  day  at  4  p.m.  The  face  was  cyanosed,  the 
extremities  cold  and  blue,  the  pulse  thready,  the  patient  unconscious 
with  a  central  temperature  at  105.1°  F.  (40.6°  C).  In  spite  of 
injections  of  caffein  and  of  artificial  serum  he  succumbed  an  hour 
later,  less  than  twelve  hours  after  the  onset  of  the  attack.  At  the 
necropsy  intense  congestion  of  the  intestines,  prominence  of  Peyers 
patches,  and  dilatation  of  the  right  heart  were  the  only  alterations 
discovered. 

Dysenteriform  Enteritis.  Dysenteriform  enteritis  is  obsened, 
especially  in  children,  and  is  not  as  frequent  as  choleriform  enteritis. 
Their  isolation  is  not  thought  to  be  as  necessary  as  that  of  persons 
suffering  from  the  choleriform  disease;  we,  therefore,  observed  only 
seven  cases  in  1899  and  two  in  1900. 

The  author  undertook  some  bacteriological  investigations  upon  his 
patients.^  Information  furnished  by  direct  examination  is  generally^' 
little  importance.  In  no  instance  have  I  found  amebse.  On  the 
other  hand,  the  microscope  revealed  a  more  or  less  marked  number 
of  microbes,  some  of  which  were  round,  others  in  the  form  of  roi^- 

*  Roger.    Recherches  bacteriologiques  sur  Tent^rite  dysent^riforme.    Presse  m^c>^' 
January  3,  1900. 
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i^t  cases  the  microbic  forms  were  quite  numerous.  In  grave 
I  one  tjrpe  predominated,  viz.,  a  quite  large  rod,  resembling  by 
>rm  and  size  the  bacillus  of  anthrax,  but  differing  from  it  by 
)anded  extremities.  It  measured  5^  to  6/i  in  length  and  1.3^ 
.5;*  in  breadth.  The  cultures  prepared  with  the  mucus  of 
lysenteriform  discharges  likewise  revealed  nimierous  microbic 
taes  in  slight  cases  and  predominance  of  certain  bacilli  in  grave 

the  presence  of  these  microbic  varieties  no  definite  conclusion 
be  drawn.    I  therefore  resorted  to  the  method  of  inoculation 


Fio.  36. 


kmillon  culture  of  bacilli  found  in  dysenteriform  enteritis  (five  hours  old). 

5  cultures  into  animals.  After  a  sojourn  of  twenty-four  hours 
e  incubator  the  bouillon  sown  with  intestinal  mucus  was 
:ed  into  rabbits  by  the  intravenous  route  in  the  dose  of  half  a 
centimeter.  All  the  animals  succumbed,  most'of  them  in  less 
twenty-four  hours.  When  a  small  drop  of  blood  was  examined 
r  the  microscope  a  variable  number  of  bacilli  were  seen  which 
at  times  slightly  encapsulated.  It  would  seem  as  if  the  animal 
[fied  of  anthrax.  In  fact,  the  bacilli  are  quite  large.  They 
are  in  the  blood  from  5/i  to  6//  in  length  and  1.3//  to  1.5/i 
3adth.  These  microbes,  however,  can  readily  be  distinguished 
the  bacillus  anthracis  by  the  following  characters:    They 
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are  not  as  long,  and  are  at  times  so  short  as  to  be  liable  to     A 
mistaken  for  micrococci;  they  ajre  decolorized  by  Gram's  meth*^ 
and  romided  at  their  extremities ;  finally,  some  present  a  constaictior 
at  their  middle  part;  in  the  latter  instance  the  extremities  areovd, 
hence  the  appearance  is  that  of  a  diplococcus.    When  the  bacattw 
divides  at  the  constricted  point  each  part  simulates  a  micrococcos; 
but  tiiese  newly  formed  elements  soon  become  elongated  and  assume 
the  characteristic  form. 

Cultures  succeed  in  all  of  the  usual  nutrient  media.     For  instance, 
a  bouillon  culture  becomes  turbid  at  the  end  of  four  or  five  houre. 


Fio.  37. 


Same  culture  (forty-oight  hours  old). 

If  it  is  examined  at  that  time  (Fig.  36)  numerous  rods  measuring 
4//  to  6//  in  length  and  1/i  in  breadth  are  found;  others  are  in  pairs 
measuring  3//  to  3.5/i  by  1//.     On  the  follo^v^ng  days  (Fig.  37)  the 
microbes  are  more  slender  and  measure  mostly  2//  or  3/^  by  0.8//. 
Culture  on  vegetables  has  a  different  appearance.     (Fig.  38.) 
The  bacilli  are  more  slender  and  generally  shorter  and  mixed  wfli) 
oval  elements,  often  agglutinated  by  a  viscid  substance  which  renders 
staining  very  difficult.  The  elements  measure  0.75/^  to  1/i  in  length, 
1.25//  to  0.5/2  in  breadth. 

This  bacillus  is  motile,  stains  readily,  but  is  decolorized  by  Gram's 
method.    The  results  obtained  upon  animals  show  that  it  possesses 
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^B  «  marked  predilectioii  for  the  large  intestine;  even  when  injected 
■T  Uaou^  the  veins  it  localizes  itself  in  the  terminal  parts  of  the 
W    digestive  tract. 

I        Ijhe  fiver  exercises  a  destructive  action  upon  this  bacillus  when 

F     ibe  culture  is  very  young — L  e.,  while  it  contains  very  little,  if  any, 

!     tojda    Animals  inoculated  under  these  conditions  through  the 

portal  vein  readily  withstand  doses  which  are  fatal  when  injected 

by  the  peripheral  veins.    In  most  instances  destruction  of  the 

bacilli  is  complete.    In  two  cases,  however,  their  presence  induced 

liepatic  abscesses.    The  pyogenic  properties  at  times  manifested  by 

Fig.  38. 


f 


CXilture  on  carrot  (twenty-four  hours  old). 

this  microbe  explain  this  result;  it  is  to  be  noted,  however,  that 
this  is  not  an  event  of  common  occurrence.  Having  injected  various 
pyogenic  microbes,  such  as  the  staphylococcus  aiu-eus,  strepto- 
coccus, and  colon  bacillus,  into  thirty-three  rabbits  by  the  portal 
▼on,  I  have  in  no  case  obtained  similar  results. 

In  view  of  the  constant  presence  of  the  microbe  in  the  cases 
ttamined  by  me  and  the  effects  produced  upon  animals,  I  am  in- 
dined  to  consider  it  as  the  cause  of  dysenteriform  enteritis.  This 
Opinion  is  further  supported  by  the  fact  that  I  have  not  been  able 
to  find  the  same  agent  in  the  stools  of  healthy  individuals  or  of 
patients  suffering  from  choleriform  enteritis. 
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It  may,  therefore,  be  asked  whether  my  microbe  representeaDet 
species.  In  examining  the  nimierous  works  published  on  dysentaf 
I  have  found  but  two  bacteria  which  may  be  compared  with  nunc 
One  of  them  is  described  by  Ogata;  the  other,  iriiich  has  bwoiI 
times  been  encountered  in  dysentery,  is  identified  with  proton 
wdgaris. 

Ogata's  bacilliis'  is  pathogenic  for  the  mouse,  the  guinea-jsg,  ud 
the  cat;  tike  mine,  it  liquefies  gelatin.  It  differs  clearly,  hoveTS, 
in  that  it  stains  by  Gram's  method.    Its  morphology  is  not  idential; 


ilgaris.     Culture  upon  carrol  (twenty-four  hours  old). 


the  author  describes  it  as  a  slender  rod  coiuparable  to  the  tubfrclf 
bacillus. 

As  regards  the  proteus  vulgaris,  it  has  frequently  been  met  "^^ 
in  patients  suffering  from  gastroenteritis  or  even  dysenterv'.  1^ 
morphological  and  biological  characters  are  not  identical;  there  W- 
nevertheless,  some  obvious  analogies — liquefaction  of  gelatin,  f*'* 
odor,  same  action  upon  milk,  glucose,  saccharose,  etc.  The  in- 
ferences are,  however,  sufficiently  clear  to  prevent  contusioo- 
Proteus  vulgaris  hardly  develops  upon  slices  of  artichoke,  the  coli* 
of  which  it  does  not  modify.    Our  microbe  forms  upon  this  medium 

'  ORBta.     Zur  Aotiologie  <\fi  Dj-wnterie.     Gentralblatt  f.  Bskt.,  1892,  Bd.  xi„  S.  34*. 
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ellow  mass,  while  the  remainder  of  the  medium  assumes  a  color 
intense  green.  The  surface  of  the  nutrient  medium  rapidly 
ioooes  green  when  agar-agar  prepared  with  artichoke  water  is 
ployed.  The  proteus  vulgaris  does  not  develop  in  the  latter 
dium.  The  culture  of  my  microbe  upon  carrots  is  white,  quite 
ck;  that  of  the  proteus  vulgaris  is  scanty,  consisting  of  very  long 
iments  and  rods,  intensely  stained.  (Fig.  39.)  When  this  appear- 
ce  is  compared  with  that  furnished  by  my  bacillus  (Fig.  38),  the 
n-identity  of  the  two  bacilli  becomes  manifest  beyond  all  doubt. 
Serum  reaction  furnishes  another  distinctive  character.  I  em- 
)ye(l  the  serum  derived  from  animals  which  had  received  a  virulent 
Iture  of  my  bacillus  by  a  branch  of  the  portal  vein  and  which  had 
listed  this  inoculation.  By  putting  one  drop  of  this  serum  in 
Qety-nine  drops  of  a  culture  twenty-four  hours  old,  agglutination 
the  bacillus  is  obtained  in  a  few  minutes.  The  proteus  is  not 
flutinated,  even  when  a  tenfold  amount  of  the  serum  is  employed, 
tfy  microbe  has  been  encoimtered  by  Dr.  Lemoine  under  similar 
iditions,  viz.,  in  the  course  of  an  epidemic  among  soldiers  housed 
the  ficole  Militaire.  He  isolated  the  bacillus  in  thirteen  cases, 
found  it  to  be  pathogenic  for  animals.  Finally,  Dr.  Barbier  told 
he  had  foimd,  with  the  assistance  of  Dr.  Tollemer,  a  bacillus 
logons  to  mine  in  an  epidemic  which  appeared  in  the  H6pital 
Enfants  Malades.  These  authors  practiced  inoculations  upon 
)its  and  foimd  intestinal  ulcerations  in  a  certain  number  of  them, 
ne  case,  in  which  they  inoculated  the  virus  into  veins  of  the  ear, 
'  discovered  small  abscesses  in  the  liver  containing  the  same 
llus. 

Influence  of  Infectious  Diseases  upon  the  Liver. 

icrobes  may  reach  the  liver  by  various  routes.  They  sometimes 
ad  through  contiguity;  they  thus  invade  the  gland  as  a  result 
erihepatitis  or  even  pleurisy.  More  frequently  they  follow  one 
he  circulatorj*"  systems  ramifying  in  the  organ :  the  portal  vein, 
hepatic  artery,  and  the  lymphatic  and  biliary  vessels.  In  almost 
nfections,  but  more  particularly  in  those  which  tend  to  directly 
Jve  the  intestines,  such  as  typhoid  fever,  the  liver  is  usually 
red.  In  dysentery  the  amebae  find  their  way  into  its  depths 
ompany  with  other  parasites  which  cooperate  powerfully  to 
ice  suppm-ation.  The  hepatic  artery  is,  in  this  connection,  of 
importance;  it  is  through  it,  however,  that  septic  emboli  reach 
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the  liver,  especially  in  cases  of  ulcerative  endocarditis.  Tlie  poea- 
bility  of  hepatic  infection  through  the  lymphatic  vessels  has  Dflt 
yet  been  well  investigated.  Hayem  and  some  other  authorities 
think  syphilitic  sclerosis  of  the  liver  is  induced  through  the  lymphatic 
channels.  Microbes  may  likewise  pass  from  the  intestine  to  the 
liver  by  way  of  the  biliary  channels;  thus  are  produced  anpo- 
cholites  and,  consecutively,  biliary  lithiasis. 

The  Uver  is  very  often  affected  in  the  fetus.  During  intra-uterine 
life  the  individual  is  in  relation  with  the  external  world  by  the 
umbilical  vessels,  and  it  is  through  them  only  that  pathogenic  gem 
can  invade  its  organism;  the  microbes  must,  therefore,  pass  first  to 
the  hepatic  gland,  which  may  sometimes  arrest  them  and  be  sub- 
jected to  their  action.  In  case  infection  becomes  generalised  the 
liver  is  the  organ  most  profoimdly  affected,  as  is  notably  the  case 
in  syphilis  and  tuberculosis.  What  has  been  stated  concerning 
figurate  elements  is  equally  true  as  regards  toxins,  which  are  also 
capable  of  producing  disturbances  and  more  or  less  pronounced 
lesions  in  the  liver.  Moreover,  this  gland  must  neutralize  autogenic 
toxins  produced  in  excess  by  diseased  tissues  and  incompletely  elim- 
inated by  the  injured  kidneys. 

General  Oharacters  of  the  Infected  Liver.  In  spite  of  iis  fuse- 
tional  disturbances,  the  liver  may  appear  sound  under  macroscopic 
and  even  microscopic  examination.  More  frequently,  however,  it 
presents  various  alterations.  These  may  be  divided  into  two  groups' 
some  are  specific,  such,  for  instance,  as  syphilomata,  tubercles,  and 
nodules  of  glanders.  Others  are  ordinary  lesions,  and  may  be  encoun- 
tered in  the  majority  of  infections.  They  are  characterized  by  con* 
gestion,  degenerations,  cellular  proliferations,  ending  at  times  in  the 
formation  of  small  nodules.  The  macroscopic  appearances  of  the 
liver  generally  depend  upon  congestion  and  cellular  degenerations. 

The  infectious  liver  is,  as  a  rule,  enlarged  and  soft,  the  latter 
character  being  the  more  pronounced  the  more  rapid  the  evolution 
of  the  disease.  Its  color  varies  according  as  congestion  or  degenei*" 
tion  dominates.  In  the  former  instance  the  liver  is  red;  such  is  the 
ciLse  in  typhoid  fever,  in  the  first  days  of  eruptive  fevers,  in  cholera? 
and  acute  intermittent  fevers.  WTien  degeneration  is  predominant 
the  liver  is  pale,  yellowish,  anemic,  at  times  covered  with  ecchy- 
nioses,  which  may  be  more  or  less  extensive. 

A\'hen  the  infectious  liver  is  examined  at  an  advanced  period,  t^ 
orders  of  cellular  lesions  are  found :  degenerations  of  the  hepatic  ceBs 
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and  accumulation  of  round  cells.  The  cells  swell,  compress  the  cap- 
illaries, and  obliterate  their  lumina ;  the  initial  congestion  is  followed 
by  anemia.  The  cells  are  swollen  and,  at  least  in  the  beginning, 
contain  several  nuclei  and  present  fine  karyokinetic  figures.  They 
aobeequently  undergo  hyaline  and  vitreous  degeneration,  as  is  ob- 
served particularly  in  typhoid  fever  and  cholera.  In  rarer  instances 
the  process  is  characterized  by  coagulation  necrosis,  by  transforma- 
tion of  the  cells  into  a  vitreous  mass  without  any  colorable  nucleus. 
This  process  is  localized  and  of  less  importance ;  it  is  the  death  of 
file  cells.  Reactionary  phenomena  are  coincidently  produced  which 
account  for  proliferation  of  the  nuclei.  Fatty  degeneration  is  very 
rare;  it  occurs  only  in  diseases  of  long  duration,  in  chronic  suppura- 
tions, in  which  it  is  explained  by  diarrhea  and  cachexia  of  the 
patients.  The  biliary  channels  at  the  same  time  undergo  prolifera- 
tion and  newly-formed  canaliculi  appear,  which  are  especially  marked 
in  subacute  forms. 

The  interstitial  lesions  consist  in  the  formation  of  infectious 
nodules  (Friedreich,  Wagner,  Weigert,  Hanot,  Legry).  These  are 
rounded,  oval,  or  triangular  in  shape,  and  occupy  any  point  of  the 
lobule,  filling  about  one-twentieth  part  of  it.  They  are  formed  of 
inasses  of  round  cells  contained  in  a  granular  substance;  around 
them  the  hepatic  cells  have  suffered  granulof  atty  degeneration.  The 
cells  constituting  them  are  probably  of  various  origin ;  leucocytes, 
cells  of  the  interstitial  tissue,  probably  also  altered  hepatic  cells  con- 
tribute to  form  the  masses.  Finally,  instead  of  being  united  in  the 
form  of  nodules,  the  cells  may  be  distributed  so  as  to  form  inter- 
lobular or  intralobular  bands — a  true  embryonal  cirrhosis  which  may 
subsequently  develop  into  chronic  sclerosis — well  studied  by  Hanot 
^i  his  disciple,  Gaston. 

Semiology  of  Infectious  Liver.  There  is  no  method  enabUng  the 
lAysician  to  determine  during  life  the  functional  value  of  the  liver. 
To  this  end  rather  crude  procedures  and  indirect  means  are  employed, 
^or  instance,  the  size  of  the  organ  is  taken  as  a  basis.  It  is  not 
possible,  however,  to  establish  a  relationship  between  atrophy  or 
l^ypertrophy  of  the  liver  and  its  function.  It  is  better  at  times  to 
j'ldge  the  state  of  this  organ  by  disturbances  observed  in  other  parts 
of  the  economy.  These  disturbances  are  of  two  orders.  Some, 
probably  of  reflex  origin,  are  expressed  by  pulmonary  congestion 
localized  at  the  right  base  and  a  bruit  de  galop  of  the  right  heart. 
He  others,  more  important,  are  of  toxic  origin.    Delirious  or  coma- 
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tose,  even  convulsive,  manifestations  may  occur.  The  functions  of 
the  kidneys,  however,  are  more  disturbed  than  the  nervous  system. 
Hepatic  inadequacy  results  in  renal  inadequacy,  as  expressed  by 
decreased  secretion.  At  the  same  time,  in  consequence  of  diBorden 
induced  by  the  hepatic  distm-bances  in  organic  metabolism,  urea  is 
diminished,  the  extractive  matters  are  increased,  and  abnormal  sub- 
stances, such  as  albimmi,  peptones,  etc.,  appear,  and  what  is  more 
peculiar  to  hepatic  disorders,  various  pigments,  normal  or  modified 
biliary  pigments,  and  urobilin  are  present  in  the  urine. 

Icterus  is  quite  rare  in  the  course  of  infections  and,  when  present, 
is  of  rather  unfavorable  prognostic  significance.  In  a  large  number 
of  cases,  however,  it  is  of  a  simple  catarrhal  nature,  and  does  not 
render  prognosis  any  more  serious.  Some  authors  believe  this  catar- 
rhal icterus  is  due  to  the  fact  that  the  bile  is  more  viscid  and  is 
partially  retained ;  others  assert  that  there  is  polycholia. 

In  certain  instances  the  symptoms  assume  the  t3rpe  of  those  ob- 
served in  the  course  of  grave  icterus.  This  has  occurred  in  cholera, 
scarlatina,  and  typhoid  fever;  the  cellular  alterations  are  so  intense 
that  autointoxication  by  hepatic  inadequacy  is  produced. 

Action  of  Infections  upon  the  Pancreas. 

The  diflficulty  of  recognizing  disorders  and  lesions  of  the  pancreas 
during  life  and  its  rapid  putrefaction  after  death  have  greatly  hin- 
dered its  study.  In  spite  of  important  works,  among  others  those 
of  Carnot^  and  IClippel,  we  are  in  possession  of  no  sure  symptoms 
enabling  us  to  determine  the  part  taken  by  the  pancreas  in  infectious 
processes. 

The  pancreas  may  be  affected  in  the  course  of  general  infections, 
such  as  measles,  variola,  pneumonia,  septicemias,  and  p}^mias. 
Pancreatitis  may  also  occur  in  ententes,  typhoid  fever,  dysentery, 
and  cholera.  The  anatomico-pathological  study,  completed  by  ex- 
perimental investigations,  has  revealed  a  whole  series  of  lesions  from 
diffuse  to  hemorrhagic  and  suppurative  pancreatitis.  These  lesions 
may  be  repaired.  In  many  instances,  however,  as  in  the  case  of  the 
liver,  they  become  the  starting  point  of  scleroses,  and  may  subse- 
quently end  in  cirrhotic  atrophy  of  the  gland.  Pancreatic  diabetes 
is  probably  thus  engendered. 

*  Camot.  Rcc  here  lies  cxp6riinentales  et  cliniques  sur  les  pancr6atites.  Thi«  ^ 
Paris,  1898.  Richardi^re  and  Camot.  Maladies  du  pancreas.  Traits  de  m^edne  rt 
de  th6rapeutique,  Paris,  1898,  t.  v.,  p.  9. 
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It  is  well  to  remark  that  sclerosis  may  occm*  in  the  absence  of  all 
ifection  of  the  gland  imder  the  influence  of  toxins  engendered  in 
ther  parte  of  the  organism.  Dr.  Carnot  has  described  a  tubercular 
sferofiis  of  the  pancreas  which  may  be  compared  with  similar  scle- 
ees  developing  in  other  organs  and  notably  thyroidian  sclerosis. 

Influence  of  Infections  upon  the  Kidneys. 

Tie  study  of  renal  lesions  in  the  course  of  infectious  diseases  is 
mparatively  easy,  since  examination  of  the  urine,  especially  search 
r  albumin  and  casts,  enables  us  to  appreciate  the  functional  con- 
tions  and  lesions  of  the  kidneys. 

All  infections,  even  when  benign  and  localized,  may  give  rise  to 
Jal  alterations.  Pneumonia  and  the  various  pneumococcic  infec- 
»n8  produce  diffuse  nephritis  remarkable  for  the  frequency  of 
maturia.  Cholera  induces  renal  lesions  which  seem  to  play  an 
portant  r61e  in  the  pathological  physiology  of  this  malady,  and 
plain  certain  symptoms.  Syphilis  and  tuberculosis  give  rise  to 
ite  or  chronic  processes. 

imong  infectious  diseases  scarlatina  causes  the  most  interesting 
al  phenomena.  Albuminuria  is  frequent,  appearing  at  times  dur- 
the  stationary  period,  and  in  other  cases  during  convalescence, 
vas  absent  in  only  one  of  the  author's  cases  ending  fatally — such 
J  cases  constituting  53  out  of  a  total  of  2157  scarlatina  cases, 
riatinal  nephritis  is  generally  considered  to  be  of  little  gravity. 
I  true  that  even  when  it  gives  rise  to  uremic  phenomena,  recovery 
ossible.  Besides  the  53  cases  above  mentioned,  the  author's 
istics  show  663  other  patients  in  whom  scarlatina  was  compli- 
d  by  albuminuria,  and  who  recovered.  It  is  important  to  note, 
ever,  that  although  the  acute  symptoms  subside  far  more  readily 
iarlatinal  nephritis  than  in  all  other  varieties,  the  patient  incom- 
ely  recovers.  Nephritis  too  often  passes  into  a  chronic  state 
er  because  albuminiu'ia  persists  or  because  it  reappears  on  the 
itest  occasional  cause. 

he  researches  of  Ponfick,  Langerhans,  Wissokovitch,  Biedl,  and 
us  have  demonstrated  that  microbes  introduced  into  the  blood 
rapidly  eliminated  by  the  urine.  In  certain  instances  the  excre- 
of  bacteria  begins  at  the  end  of  fifteen  or  twenty  minutes, 
r  passage  is  often  effected  without  any  injury  to  the  kidneys. 
intelligible,  however,  that,  according  to  the  degree  of  virulence 
le  germs  and  the  vulnerability  of  the  organ,  colonization  may 
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occur,  the  microbes  being  there  arrested  and  producing 
which  prove  the  starting-point  of  nephritis.  In  other  instances  the 
toxins  are  brought  to  the  renal  glands  from  other  points  of  the 
economy.  The  r61e  of  the  kidneys  in  the  elimination  of  poisoM 
accounts  for  the  frequency  of  lesions  which  these  organs  suffer  in 
the  course  of  infectious  diseases. 

Influence  of  Infections  upon  the  Gtonital  Organs. 

Orchitis  complicating  mumps  is  never  observed  in  children;  it 
occurs  only  in  adults,  following  localization  in  the  parotid  glands,  and 
at  times  replacing  it  as  a  sort  of  metastasis.  In  rare  cases  orchitis 
develops  coincidently  with  parotiditis,  and  in  exceptional  instanees 
it  represents  the  first  and  even  the  only  manifestation  of  the  disease. 
The  testicular  inflammation  lasts  four  or  five  da3rs,  and  never  ends 
in  suppuration.  Were  it  not  for  the  danger  of  tardy  atrophy  of  the 
testicle,  the  involvement  would  be  of  no  gravity  whatever.  Whffl 
both  testicles  are  involved  prognosis  must  be  reserved  from  a  pio- 
creative  standpoint. 

Typhoid  fever  has  been  cited  among  infections  particularly  liable 
to  affect  the  testicles.  According  to  Chantemesse,  orchitis  occurs  in 
the  proportion  of  1  to  196  cases ;  it  subsides  in  ten  or  twelve  days 
without  causing  atrophy  of  the  gland.  In  some  cases,  howcA'er, 
owing  to  localization  of  the  typhoid  bacillus,  suppuration  remarkable 
for  its  long  duration  has  occurred. 

The  ovaries  are  less  frequently  involved  than  the  testicles;  their 
participation  has,  however,  been  not^d  in  typhoid  fever,  variola,  and 
mumps.  Like  other  parts  of  the  organism,  the  uterus  may  be 
affect<3d  in  measles,  variola,  and  typhoid  fever. 

Influence  of  Infections  upon  Menstruation.  The  relations  betweei 
monstruation  and  the  development  of  erysipelas  have  long  be^^ 
noted.  We  must  leave  aside  those  instances  in  which  the  coincident 
is  accidental.  For  instance,  one  of  our  patients  had  already  b^ 
six  attacks  of  erysipelas;  the  seventh  attack  occurred  with  menstru* 
tion.  Genuine  menstrual  erysipelas  always  occurs  on  the  occasi^^ 
of  menstruation.  These  erysipelas  attacks  are  generally  so  benign 
as  to  cause  no  anxiety,  and,  therefore,  few  patients  resort  to  tb^ 
hospitals.  We  have  observed  but  16  such  cases  out  of  a  total  of 
1198  erysipelatous  women.  One  of  them  had  had  forty-six  attacks, 
always  coincident  with  menstruation. 
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^ipelas  may  at  times  replace  the  menstrual  flow.  A  woman 
y-one  years  of  age  had  had  her  first  erysipelas  eleven  months 
1;  since  that  time  she  had  six  more  attacks,  and  each  time  the 
Bous  inflammation  appeared  the  catamenial  discharge  failed  to 
She  entered  the  hospital  on  March  17th  for  a  quite  intense 
elas  replacing  menstruation.  On  April  11th,  while  she  was 
1  our  wards,  the  menses  appeared  in  a  regular  manner,  and 
elas  did  not  recur, 
three  other  cases  erysipelas  recurred  regularly  every  month 

puberty,  and,  at  this  period  the  cutaneous  manifestations 
1  or  persisted.  A  woman,  forty-five  years  of  age,  told  the 
•  that  from  the  age  of  seven  years  to  that  of  eighteen  she  had 
month  developed  a  slight  erysipelas;  at  the  age  of  eighteen 
ruation  was  established  and  the  periodical  erysipelatous  attacks 
.    She  had  one  attack  of  erysipelas  at  the  age  of  thirty-two 

occurring  independently  of  the  menses.  The  menopause 
5d  at  the  age  of  thirty-eight  years,  and  from  that  time  on, 
jhe  has  had  no  menstruation,  she  experienced  two  attacks  of 
jlas,  once  when  forty-one  years  old,  and  another  for  which  she 
d  to  our  wards,  at  the  age  of  forty-five  years, 
ill  infectious  diseases  variola  is  undoubtedly  the  one  which 
frequently  causes  menstrual  disturbances.  Uterine  hemor- 
are  observed  in  11  or  12  per  cent,  of  the  cases  which  recover. 
Thagia  generally  occurs  at  the  period  of  invasion ;  in  some  cases 

convalescence.    The  action  exercised  by  variola  upon  the 

is  so  marked  as  to  cause  bloody  discharges  even  after  the 
a  has  reached  the  menopause.  This  occurred  in  a  patient 
ive  years  of  age,  in  whom  the  menopause  had  been  established 
mths  before.  The  same  happened  in  a  twelve-year-old  child 
lad  not  yet  begun  to  menstruate.  Tlie  author  has  observed 
me  even  in  a  child  five  months  old. 

istrual  disturbances  are  particularly  frequent  in  fatal  cases  of 
£1.  Metrorrhagia  complicates  28  per  cent,  of  confluent  variola; 
ever  absent  in  hemorrhagic  variola. 

ording  to  our  statistics,  measles  gives  rise  to  premature  men- 
ion  in  5  per  cent,  of  the  cases  and  scarlatina  in  10  per  cent. 
lence  of  Infections  upon  Pregnancy  and  Lactation.  It  seems 
author  that  the  gravity  of  infections  in  pregnant  women  has 
)mewhat  exaggerated.  In  this  connection  erysipelas  has  been 
iial  subject  of  study.    Clinicians  had  long  since  noted  the 
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remarkable  relationship  existing  between  erysipelas  and  puerpenl 
fever.    Bacteriological  researches  have  shown  that  the  same  mcwto 
is  concerned  in  both  instances,  and  thus  have  confirmed  the  datad 
observation.    The  facts,  however,  which  the  author  has  collected  4ft 
not  justify  the  fears  of  accoucheurs  regarding  erysipelatous  infectiom. 

The  author  will  first  consider  the  influence  of  er3^pelas  upon  4ft 
course  of  pregnancy.    Ancient  authors  dwelt  much  upon  the  be- 
quency  of  abortions :   Wardevell  saw  24  abortions  out  of  25  case*. 
Recent  statistics  are  far  better :  Duchein  gathered  41  cases,  and  notes 
but  14  abortions.    Dr.  Legendre  observed  4  abortions  in  a  total  o! 
13  cases.    The  author  has  received  44  pregnant  women  into  hiB 
wards.    In  25  of  .these,  although  several  suffered  from  grave  ery- 
sipelas, pregnancy  continued  its  course.    Nineteen,  twelve  of  whom 
had  reached  full  term,  were  confined  in  our  wards ;  the  other  con- 
finements took  place  in  the  seventh  or  eighth  month. 

Erysipelas  of  the  mother  does  not  seem  to  be  dangerous  for  the 
child.  All  those  which  were  born  at  full  term  survived  and  developed 
well.    Only  one  of  them  contracted  the  disease. 

Sucklinsr  by  Infected  Women.  Shall  an  infected  woman  be  allowed 
to  suckle  ?  This  question  is  to  be  answered  according  as  infection  is 
protracted  or  transitory.  In  the  former  instance  suckling  must  be 
interdicted;  such  is  the  rule  as  regards  typhoid  fever.  In  the  case 
of  transitory  infections  suckling  may  be  permitted. 

In  view  of  the  evil  effects  of  artificial  feeding  among  the  poorer 
classes,  the  author  first  permitted  erysipelatous  women  to  suckle 
their  children.  No  harm  resulting,  he  followed  the  same  rule  in  other 
infections  treated  in  his  wards.  The  result  seemed  to  be  highly 
gratifying.  Out  of  a  total  of  over  100  children,  only  two  were  in- 
fected; one  of  them  contracted  measles,  the  other  erysipelas  from 
the  mother.  In  both  instances,  however,  the  evolution  was  remark- 
ably benign.  The  other  children  presented  no  disturbance.  It  is  to 
be  remembered  that  infection  diminishes  the  lacteal  secretion  and 
may  necessitate  mixed  feeding  for  a  few  days.  Only  in  very  grave 
cases  of  variola  is  the  secretion  so  profoundly  altered  as  to  render 
suckling  impossible. 

The  rules  are  well  defined  as  regards  syphilis.  It  is  important  that 
the  mother  should  suckle  her  child.  The  laws  of  Colles  and  Profeta 
show  that  there  is  not  the  slightest  inconvenience  in  this  practice. 
If  either  of  them,  the  mother  or  the  offspring,  is  alone  contaminated, 
the  disease  is  not  transmitted  to  the  other. 
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A«  regards  tuberculosis,  the  rule  is  the  reverse  of  the  preceding. 
Sickling  must  be  forbidden.    Not  because  the  milk  is  very  dan- 
teous—Koch's  bacillus  very  seldom  passes  into  the  milk — but  in 
^  course  of  this  chronic  disease  the  milk  is  of  an  inferior  quality 
*nd,  on  the  other  hand,  it  is  wise  to  diminish  the  chances  of  Con- 
don by  limiting  the  contact  between  the  mother  and  her  child. 
To  sum  up,  while  suckling  is  to  be  forbidden  in  chronic  infections, 
except  sjrphilis,  or  in  prolonged  acute  infections,  it  may  be  permitted 
ID  other  cases. 


CHAPTER    XVII. 

EVOLUTION  OF  INFECTIOUS  DISEASES. 

Incubation.  Duration  of  Incubation  in  Principal  Infections.  Invasion.  Statioiiirj 
Period.  Course  of  Local  and  of  General  Phenomena.  Clinical  Forms.  CXM 
Forms  of  Pneumonia  and  of  Typhoid  Fever.  Termination  of  Infectious  Di8eiM> 
Defervescence.  Crises.  Urinary  and  Urotoxic  Crises.^  Study  of  Urinary CriiMii 
Pneumonia,  Erysipelas,  Scarlatina,  and  Catarrhal  Jaundice.  Convalescence.  Ad- 
dents  of  Convalescence.  Relapses  and  Recurrences.  Passage  of  Acute  InfectioB 
into  a  Chronic  State.  Death.  Death  by  Mechanical  Cause.  Death  by  Intone*' 
tion.    Death  by  Post-infectious  Cachexia. 

The  evolution  of  infectious  diseases  may  be  divided  into  four 
periods  or  stages :  incubation,  invasion,  stationary  period,  and  de- 
cline. 

Incubation  corresponds  to  the  time  elapsing  between  the  depofii- 
tion  of  a  pathogenic  agent  in  the  organism  and  the  first  appearance 
of  morbid  manifestations.    Invasion,  which  indicates  the  beginning 
of  the  disease,  may  be  abrupt  or  insidious.    In  the  former  instance, 
the  moment  at  which  the  disease  sets  in  may  be  noted  in  a  precise 
manner.     Such  is  the  case,  for  instance,  when  an  apparently  healthy 
individual  is  suddenly  seized  with  a  violent  chill.     The  passage  froni 
a  sound  into  a  morbid  state  occurs  without  transition,  and  is  sharply 
defined.     In  other  cases  the  symptoms  develop  gradually,  so  that  an 
intermediate  period  of  malaise  or  indisposition  elapses,  anditis  Aen 
very  difficult  to  determine  the  beginning  of  the  disease.    Tlie  devel 
oped  disease  remains  for  a  certain  time  stationary,  presenting  moi 
or  less  marked  oscillations  of  aggravation  and  amelioration;  this 
the  stationary  period.     Then  comes  the  decline  which,  like  invasic> 
may  be  sudden  or  progressive.     In  the  former  case,  a  sudden  def^ 
vescence  or  crisis  is  said  to  occur,  and  the  expression  decline^ 
reserved  for  the  slow  course  toward  recovery. 

After  the  favorable  termination  of  the  disease  there  remainf? 
period,  at  times  of  considerable  length,  during  which  the  functia^ 
are  re-established  progressively,  and  gradually  become  normal.  Tb' 
is  convalescence. 

Finallv,  even  when  the  morbid  acts  seem  to  be  terminated,  th^* 
organism  may  not  have  completely  resumed  its  former  mode  of  lif^ 
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lertain  anatomical  changes  or  functional  disturbances  may  persist, 
•emaining  inappreciable  even  on  profound  examination ;  but  a  silent, 
inadious,  morbid  evolution  continues  which  terminates  at  the  end  of 
several  years  in  symptoms,  disorders,  and  affections  which  are  not 
readily  traced  to  their  origin. 

Such  are  the  various  periods  observable  in  the  course  of  infectious 
diseases.  This  division  is  appreciable,  especially  when  evolution  fol- 
lows an  acute  course.  It  is  far  less  definite  in  cases  of  chronic 
infection. 

Moreover,  the  morbid  evolution  may  be  constantly  modified  by 

Bome  unexpected  event  or  complication,  or  it  may  be  interrupted 

by  death. 

Incubation. 

Incubation,  as  above  stated,  is  the  time  elapsing  between  the  depo- 
sition of  the  morbid  germ  in  the  tissue  and  the  appearance  of  the 
firet  local  or  general  symptoms  of  the  disease.  This  definition,  which 
is  applicable  only  to  heteroinfections,  must  be  slightly  modified  when 
the  process  is  one  of  autoinfection.  In  the  latter  case  the  germ  is 
W)t  deposited  in  the  organism  from  without,  and  therefore  the  stage 
irf  incubation  begins  at  the  moment  when  the  dormant  microbe, 
until  then  inoffensive,  becomes  pathogenic  under  the  influence  of 
some  excitation.  It  is  intelUgible  that  if  the  determination  of  the 
period  of  incubation  is  a  matter  of  difficulty  in  the  former  case,  it 
8  almost  an  impossibiUty  in  the  latter. 

Ihiring  the  period  of  incubation  the  organism  does  not  always 
emain  passive;  it  may  endeavor  to  destroy  the  invading  microbes, 
fcould  it  fail  to  do  this,  the  disease  becomes  manifest.  It  is  there- 
>te  incorrect  to  say  that  an  infectious  disease  is  a  reaction  aroused 
y  the  introduction  of  a  microbic  agent,  since  morbid  reaction  does 
'^t  necessarily  occur  in  all  instances.  The  microbe  may  be  de- 
^yed  or  remain  quiescent  at  the  point  where  it  was  deposited.  In 
^^  that  morbid  manifestations  may  appear,  a  period  of  prepara- 
on  is  required  which  represents  a  first  defeat  of  the  organism.  We 
"^  ttius  led  to  admit  the  occurrence  of  three  successive  stages  at  the 
ginning  of  all  infections :  introduction  or  exaltation  of  the  microbe, 

latent  period  of  development  corresponding  to  incubation,  and  a 
faction  of  the  organism  corresponding  to  invasion,  that  is,  to  the 
beginning  of  the  disease. 

He  period  of  incubation  may  be  silent  and  unattended  by  morbid 
umifestations ;  then,  at  a  given  moment,  a  reaction  is  produced. 
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often  quite  suddenly.  Such,  for  instance,  is  the  beginning  of  lobar 
pneumonia.  It  is  a  very  curious  fact  that  the  microbe  should  be 
able  to  continue  secreting  its  toxins  in  a  progressive  manner  without 
giving  rise  to  any  disturbance  on  the  part  of  the  organism,  and  tfait 
the  organism  should  act  so  tardily  when  it  is,  as  it  were,  saturated 
with  soluble  toxic  products. 

Even  when  the  beginning  is  sudden  it  is  often  diflBcult,  if  not 
impossible,  to  determine  the  period  of  incubation,  since  we  are  not 
always  able  to  decide  as  to  the  moment  when  contagion  occuirri. 
Most  frequently  patients  are  unable  to  give  any  information.  In  the 
eruptive  fevers,  except  variola,  it  is  seldom  possible  to  determme 
under  what  conditions  contamination  has  taken  place.    Even  ^Afift 
patients  know  that  they  have  been  in  contact  with  an  infected  person 
they  do  not  remember  with  accuracy  the  day  on  which  they  saw  the 
diseased  individual.    Others  have  passed  several  days  at  the  bedside, 
and  it  is  evidently  impossible  to  know  at  what  moment  contamin*- 
tion  was  effected.    Finally,  in  cases  of  prolonged  incubation,  it  may 
always  be  asked  whether  a  later  contamination  which  has  remained 
unnoticed  has  not  taken  place.    Consequently,  in  order  to  reach 
unassailable  results,  a  series  of  circumstances  are  required  which  are 
seldom  reaUzed.    The  perusal  of  works  on  incubation  leads  to  the 
conviction  that  an  average  duration,  varying  only  within  narrow 
limits,  exists  for  the  majority  of  diseases.     It  would  be  a  grave  error, 
however,  to  overlook  the  fact  that  the  period  of  incubation  is  at 
times  shortened  and  at  other  times  prolonged  within  considerable 
limits.     Nothing  in  this  regard  is  more  demonstrative  than  the  his- 
tory of  venereal  diseases,  for  it  is  in  this  class  of  affections  that  the 
moment  of  contamination  may  be  determined  most  exactly,  and  that 
interj)retation  is  easiest.     With  syphilis,  for  example,  the  chancre 
generally  makes  its  appearance  from  twenty  to  thirty  days  after 
infecting  intercourse.     This  average,  which  is  sufficiently  wide  in  it^ 
scope,  does  not,  however,  include  those  cases  in  which  the  beginning 
is  manifest  at  the  end  of  ten  days,  nor  those  in  which  it  is  delayed 
until  the  fortieth  or  even  fiftieth  day.     Tlie  variability  of  this  perioJ 
is  proved  by  the  fact  that  several  indurated  chancres  resulting  from 
a  single  inf(^ction  may  appear  successively  in  the  same  indindual 
at  intervals  of  several  days.     The  same  variations  are  observed  iti 
gonorrhea.     The  average  is  from  two  to  five  days,  but  the  discharp 
sometimes  sets  in  after  twenty-four  hours  or  appears  very  tardily  at 
the  end  of  several  weeks.    In  the  latter  instance  it  is  assumed  that  the 
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microbes  deposited  in  the  balanopreputial  furrow  have  not  invaded 
the  ureAra  until  a  certain  time  ofter  coitus.  With  the  soft  chancre 
incubation  is  more  fixed  and  does  not  exceed  twenty-four  hours. 
Tti&  figure  is  confirmed  by  numerous  inoculations  practised  upon 
subjects  presenting  suspicious  ulcerations. 

Information  is  quite  precise  in  cases  of  infection  of  traumatic 
origin.  In  the  case  of  tetanus  the  period  of  incubation  is  from  two 
to  three  days:  in  the  statistics  of  the  civil  war  in  America  we 
find  that  in  twenty-seven  cases  the  symptoms  appeared  on  the 
day  of  traumatism,  Bertran  (of  Elbeuf )  has  seen  tetanus  appear  five 
hours  after  the  infection  of  the  wound.  It  has  been  stated  that 
incubation  at  times  lasted  only  two  hours.  On  the  other  hand,  it 
bas  in  some  cases  been  prolonged  thirty  and  thirty-five  days. 

In  hydrophobia  the  incubation  period  is  still  more  variable,  th(» 
average  being  thirty  days  and  the  minimum  fourteen.  As  to  the 
maximum,  a  period  of  eighteen  months  has  been  a(hiiitted,  although 
there  are  certain  rare  instances  in  which  the  period  of  incubation 
lasted  two,  three,  and  even  four  years.  f]rysipelas  may  be  considered 
«  occupjring  a  position  between  traumatic  diseases  and  those  appar- 
«itly  spontaneous.  Most  of  the  classic  treatises  fix  its  period  of 
incubation  at  three  or  four  days,  admitting  that  it  may  be  reduced 
to  two  days  or  prolonged  to  twelve.  Leaving  aside  the  cases  of  non- 
taumatic  erysipelas,  the  beginning  of  which  cannot  be  determined 
^  accuracy,  let  us  consider  the  results  obtained  in  cases  in  which 
rteptococcic  infection  developed  in  a  wound.  In  eighty-three  cases 
^  obtained  accurate  information  j)ermitting  us  to  fix  the  time* 
•lapsing  between  the  accident  and  the  beginning  of  the  infection. 
"Kie  figures  are  as  follows : 
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In  twelve  cases  incubation  was,  as  we  see,  extremely  short;  not 
*fce  slightest  doubt  may  be  entertained  as  to  the  evolution,  the 
^tails  of  the  facts  being  given.     Here  is,  for  exanif)le,  one  of  them: 

He  wife  of  a  ph3r8ician  was  preparing  to  go  to  a  ball.  -  Iiij)utting 
on  her  ear-rings,  which  she  had  not  worn  for  a  long  time,  she  pro- 

32 
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duced  a  slight  abrasion  in  the  ear.  This  occiured  at  9  p.m.  On  her 
return  home,  at  4  a.m.,  she  was  taken  with  a  violent  chill,  fever  act 
in,  and  her  husband  noticed  in  the  morning  the  development  of  a 
typical  erysipelas.  General  reaction  was,  therefore,  produced  seven 
hours  after  traumatism. 

When  erysipelas  develops  tardily  it  may  be  questioned  whether  it 
is  truly  a  case  of  prolonged  incubation,  since  it  is  possible  that  tbe 
wound  may  be  infected  later  and  that  the  streptococcus  may  not 
have  been  introduced  at  the  moment  of  the  accident.  We  mot 
acknowledge  that  the  problem  cannot  be  solved  by  clinical  ohm- 
vation  alone.  Experimentation  must,  therefore,  be  resorted  to.  H 
we  inoculate  a  culture  of  streptococcus  beneath  the  skin  of  the  ear 
of  a  rabbit,  erysipelas  develops  generally  within  twenty-four  or  forty- 
eight  hours.  At  times  the  incubation  lasts  three  or  four  days.  In 
two  cases  the  author  has  seen  it  prolonged  eleven  days.  Here,  there- 
fore, are  results  of  considerable  practical  consequence.  They  confinn 
what  is  taught  by  clinical  observation  and  establish  that  in  erysipelaa 
incubation  may  last  only  a  few  hours  or  exceed  a  week.  But  ^at 
must  we  think  of  the  cases  in  which  the  period  of  incubation  lasta 
fifteen  or  even  twenty-two  days?  All  hypotheses  are  permittci 
When,  however,  the  wound  does  not  seem  to  have  been  contaminated 
ulteriorlv,  we  may  a^ssume  that  it  was  infected  as  soon  as  it  was 
produced,  whether  the  microbe  proceeded  from  the  soil  or  from 
the  skin  of  the  j)atient.  Later  on  some  occasional  cause,  which  may 
often  escaj^e  notice,  favors  the  development  of  the  dormant  genns. 
The  influence  of  cold  or  a  draught  in  such  cases  is  thus  explabed. 
We  had  a  demonstration  of  this  in  several  cases  in  which  we  saw  a 
recurrence  under  such  influences.  Patients  who  seemed  to  be  com- 
pletely cured  of  erysipelas  left  our  wards,  suddenly  exposed  them- 
selves to  cold,  and  in  the  evening  of  the  following  day  the  infection 
reapp(*ared  and  forced  them  to  return  to  the  hospital.  In  such 
instances  the  microbes  which  still  persisted  in  the  skin  were  exalted 
owing  to  transitory  weakening  of  the  tissues,  occasioned  by  an  aud" 
iary  cause,  however  common  this  cause  may  seem  to  be. 

There  is  another  question.     Is  there  any  relation  between  the 
duration  of  the  period  of  incubation  and  the  gra\nty  of  erj-sipelas- 
Our  observations  compel  us  to  answer  in  the  negative.    In  oneo( 
the  i)atient8  who  died  the  incubation  period  lasted  eight  daj's.   l^ 
two  instances  erysipelas  was  grave,  followed  a  wandering  course,  aud 
was  prolonged  for  three  weeks.    In  one  of  these  cases  incubation  ha^ 
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lasted  twelve  hours,  in  the  other  eight  days.  On  the  other  hand, 
ire  have  seen  a  slight  erysipelas  which  lasted  only  four  days  and  the 
incubation  period  of  which  did  not  exceed  thirty-five  hours.  In  fact, 
the  duration  of  the  period  of  incubation  may  be  very  short  in  two 
quite  dififerent  cases.  At  times  evolution  is  grave,  because  the 
microbe  is  highly  virulent  and  develops  with  great  rapidity.  In  other 
instances,  on  the  contrary,  the  phenomena  appear  speedily  because 
tte  organism  is  capable  of  powerful  reaction.  In  this  case  erysipelas 
is  of  a  more  benign  character  than  if  the  incubation  had  lasted  longer; 
tlie  germicidal  serum  and  phagocytes  arrive  early  and  more  easily 
overcome  the  microbes  which  are  already  developed.  The  explana- 
tion we  propose  is  not  a  mere  hypothesis;  it  is  supported  by  experi- 
inental  data.  We  have  shown,  for  example,  that  it  is  possible  to 
Awten  considerably  the  period  of  incubation  by  sectioning  the  vaso- 
motors distributed  to  the  inoculated  ear.  Under  these  conditions 
the  responsive  sensitiveness  of  the  operated  side  is  increased  and 
ajfripelas  develops  more  rapidly  than  on  the  normal  side.  But  its 
evolution  is  more  prompt  and  favorable  in  so  far  as  the  lesions,  which 
»e  often  observed  in  animals  in  consequence  of  the  streptococcic 
inoculation,  do  not  appear.  Thus,  in  cases  in  which  the  disease  is 
onavoidable  it  is  desirable  that  it  should  begin  early,  since  the 
wganism  will  then  combat  a  smaller  niunber  of  microbes  and  will  be 
fcas  profoundly  impregnated  by  toxins. 

Among  the  eruptive  fevers,  precise  information  is  most  easily 
obtained  in  smallpox.  Its  period  of  incubation  is,  on  an  averages 
twelve  days,  but  it  may  vary  between  seven  and  fifteen.  In  scarla- 
tina, Sevestre  finds  an  almost  invariable  average  of  four  to  five  days, 
Iw  there  are  observations  recorded  in  which  the  period  of  incuba- 
Son  lasted  no  longer  than  twenty-four  (Trousseau),  twelve  (Seves- 
^),  and  even  seven  hours  (Thomas).  In  other  cases  it  has  been 
''olonged  to  twelve,  seventeen,  and  forty  days  (Billiet  and  Barthez). 
^Uro  instances  reported  by  Dechambre  it  lasted  seven  weeks.  It 
8  well  to  note  that  these  extreme  figures  are  altogether  exceptional 
^  that  an  incubation  period  of  from  two  to  five  days  answers  fairly 
•fell  to  general  facts.  We  have  been  able  to  establish  the  period  of 
tkeubation  in  twelve  cases.  In  two  of  these  it  did  not  exceed  twenty- 
our  hours.  One  of  the  two  observations  was  very  precise.  It  was 
!ie  case  of  a  man  who  had  seen  a  friend  on  his  fifth  day  of  scarlatina, 
n  the  following  day  he  experienced  fever  and  dysphagia,  and  the 
fxt  day  the  eruption  appeared.    The  incubation  period  was  forty- 
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eight  hours  in  six  cases  and  three  days  in  another.    Finallyi 
women  manifested  the  first  symptoms  of  scarlatina  in  8ixty-< 
seventy,  and  seventy-two  hours,  respectively,  after  having 
admitted  as  nurses  to  our  scarlatina  wards.    In  surgical  and  j 
peral  scarlatinas  the  incubation  period  may  be  very  short, 
generally  does  not  exceed  three  days  (Paget,  Sorensen).    This 
perhaps  be  explained  by  the  fact  that  siu'gical  or  obstetrical 
matism  diminishes  the  resistance  of  the  organism. 

The  incubation  period  of  measles  is  from  eight  to  twelve  ( 
with  a  minimum  of  four  and  a  maximum  of  fourteen.  Thi 
rubeola  is  eighteen  days,  being  sometimes  prolonged  to  twen1 
twenty-one,  and  exceptionally  falling  to  eight  and  even  five 
(Griffiths).  Varicella  is  said  to  begin  fourteen  to  fifteen  days 
contamination.  At  times  it  appears  after  the  nineteenth  day 
never  before  the  thirteenth.  In  two  personal  observations 
period  of  incubation  seemed  to  be  seventeen  days.  Accordii 
Steiner,  inoculated  varicella  begins  on  the  sixth  day. 

Of  other  infections  the  incubation  period  of  which  has  been  1 
well  determined,  we  may  mention  diphtheria,  which  begins  two 
after  contagion,  and  at  times  after  seven  and  even  fifteen 
(Sann^);  and  whooping-cough,  from  two  to  eight  days  after, 
mumps  the  incubation  period  is  generally  fifteen  days.  In 
cases  published  by  Roth  it  was  exactly  eighteen  days.  In  eh 
the  beginning  has  at  times  occurred  a  few  hours  after  contagion 
other  cases  it  has  appeared  on  the  sixth  day.  In  typhus  fevi 
incubation  period  of  twelve  days  is  generally  admitted,  which 
at  times  be  prolonged  to  twenty-three.  The  attack  has  at  1 
occurred  almost  instantly  (Marsh,  Netter).  In  such  cases  indivic 
who  approach  a  patient  are  deeply  impressed  by  a  disagreeable 
and  are  immediately  forced  to  lie  down.  The  following  table,  ^ 
indicates  the  average,  maximum,  and  minimum  incubation  per 
is  based  upon  facts  recorded  by  various  authorities,  upon  stati 
published  by  Williams  on  behalf  of  a  London  commission,  and  i 
our  own  personal  observations: 
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he  infections  presented  in  the  foregoing  list  we  may  add  those 
icrobes  of  which  may  remain  for  a  long  period  of  time  in  a 
state  in  ihe  organism.  Such  is  the  case  in  tuberculosis  and 
f.  The  most  extraordinary  observation  is.  that  of  Hallopeau : 
lividual  presented  the  first  symptoms  of  leprosy  thirty-two 
after  having  returned  from  a  country  where  this  disease  is 

• 

ical  experience  suffices  to  establish  that  the  duration  of  the 
ition  period  is  very  variable,  and  experimental  researches 
jeroonstrated  certain  causes  which  precipitate  or  delay  the 
ling  of  a  disease.  First,  there  is  an  idea  which  should  never 
t  sight  of,  that  is,  the  variabiUty  in  the  action  of  viruses. 
B  may  be  divided  into  two  groups — i.  e,,  fixed  and  variable. 
I  regard  nothing  is  so  instructive  as  the  history  of  hydrophobia. 
triable  virus  is  that  found  in  an  animal  which  has  accidentally 
e  rabid.  The  fixed  virus  is  that  which  has  acquired  a  deter- 
degree  of  power  by  virtue  of  successive  passages  through  ani- 
By  inoculating  the  virus  into  animals  of  the  same  species 
under  the  same  conditions  the  phenomena  are  produced  after 
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the  lapse  of  a  perfectly  determined  period  of  time.  Such  is  not  the 
case,  however,  in  nature,  and  the  constant  variations  in  virulence 
result  in  modifications  in  the  period  of  incubation.  The  same  resuft 
is  observed  in  man.  By  virtue  of  its  transmission  by  succesBirc 
inoculations,  vaccinia  has  become  a  fixed  virus.  Its  period  of  incu- 
bation is  almost  invariable.  In  subjects  vaccinated  for  the  firet 
time,  the  eruption  appears  seventy-two  hours  after  inoculation,  and 
is  well  developed  in  the  course  of  the  foiu'th  day.  Even  ^ith  this 
fixed  virus,  however,  certain  variations  are  observed. 

The  soft  chancre,  which  is  transmitted  by  direct  inoculatwa 
just  as  is  an  experimental  virus,  has  also  acquired  a  suflSciently 
fixed  power.  Hence,  the  lesion  always  begins  twenty-four  or 
forty-eight  hours  after  contamination.  The  occurrence  of  a  longer 
period  of  incubation  must  be  attributed  to  inaccurate  observa- 
tion. 

It  can  readily  be  tmderstood  that  with  viruses  of  variable  potency 
the  greater  the  energy  and  number  of  microbes  introduced  the 
shorter  will  be  the  incubation  period.  The  period  of  incubation 
will  also  vary  with  the  location  of  the  wound.  It  will  be  longff 
if  the  affected  region  is  provided  with  dense  cellular  tissue  and  is 
poorly  supplied  with  vessels  and  nerves.  Such  is  strikingly  the  case 
in  hydrophobia.  Finally,  microbes  develop  more  readily  when 
they  are  introduced  simultaneously  with  irritating  substances  or 
other  bacteria,  even  simple  saprophytes,  favoring  their  multipli- 
cation. 

On  the  part  of  the  organism  all  causes  of  weakening  should  te 
taken  into  account — extensive  traumatism,  laceration  of  tissues, 
modifications  of  the  general  condition  by  overexertion,  excesses, 
alcoholism,  intoxications,  and  pre\dous  or  present  diseases.   Lastly, 
we  must  not  overlook  the  influence  of  moral  impressions,  the  power 
of  which  is  well  known  wdth  respect  to  hydrophobia.    For  example, 
an  individual  who  has  been  bitten  by  a  rabid  animal  no  longer 
thinks  of  his  accident.     Suddenly  a  word  reminds  him  of  the  bite, 
and  immediately  manifestations  of  the  disease  appear  and  rapidly 
terminate  in  death.    The  duration  of  the  period  of  incubation  may 
also  be  modified  by  the  responsive  aptitudes  of  the  subject.   In 
persons  with  very  sensitive  nervous  systems    the    onset  will  be 
hastened.     In  this  particular  case  a  short  period  of  incubation 
constitutes  a  favorable  phenomenon. 
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Invasion. 

Invasion  may  be  sudden,  or  slow  and  progressive.     In  the  former 

instance  the  stationary  period  is  quickly  reached;  in  the  latter  it 

supervenes  only  at  the  end  of  a  few  days,  and  is  thus  preceded  by 

a  prodromic  period  in  which  the  symptoms  are  inadequate  to 

determine  the  nature  of  the  morbid  process. 

As  an  example  of  infection  with  sudden  onset,  writers  always 
cite  pneumonia,  and,  as  an  example  of  slow  invasion,  typhoid  fever. 
Hiese  two  illustrations  are  well  chosen.    Clinical  phenomena  are 
[.      always  so  variable,  however,  that  a  great  many  exceptions  may  be 
r      mentioned.    There  are  cases  of  pneumonia  beginning  in  a  slow  and 
insidious  manner,  and  there  are  typhoid  fevers  characterized  by  a 
sudden  onset.    It  is  not  diflScult  to  understand  how  progressive 
invasion  is  effected.    The  noxious  substances  are  secreted  little  by 
little  by  the  microbes,  become  diffused  in  the  organism,  and  influence 
the  cells.    When  the  toxins  are  elaborated  in  greater  amount  their 
\     constantly  increasing  accumulation  gives  rise  to  more  and  more 
inarked  disturbances.    A  sudden  onset  is  more  difficult  of  explan- 
ation.   Even  in  pneumonia  it  is  possible  that  the  morbid  poison  is 
secreted  in  a  progressive  manner,  and  at  first  sight  the  sudden 
appearance  of  the  phenomena  is  not  understood.    The  differences 
*re  probably  due  to  the  mode  of  action  of  poisons.    This  view  is, 
of  course,  purely  hypothetical,  but  it  is  supported  by  some  facts. 
A  first  result  which  must  be  taken  into  account  is  that  most  microbic 
toxins,  unlike  poisons  properly  so  called,  and  notably  alkaloids, 
exert  no  inmiediate  action.    Even  when  they  are  introduced  into 
fte  blood  no  inunediate  symptom  is  produced,  but  after  a  period 
^f  latency  of  varying  duration  the  morbid  |)henomena  suddenly 
appear.    This  experimental  fact  has  a  very  important  bearing  upon 
^ur  subject.     In  fact,  it  may  be  assumed  that  in  certain  cases 
'Aerobic  poisons  act  clearly  and  rapidly  cOs  they  are  elaborated, 
^nder  such  conditions  disturbances  begin  slowly  and  follow  a  pro- 
ppssive    course.     In   other   instances   an   oversaturation   of   the 
O'ganism  vdll  be  required  in  order  to  produce  reaction.    This  is  the 
fot  effect  of  cmnulative  doses. 

Whatever  be  the  mode  of  invasion,  the  general  phenomena  first 
iear  on  the  nervous  system.    If  invasion  is  slow  and  j)rogressive, 
the  disturbances  are  gradually  intensified.    Thc^se  are  malaise,  head- 
ache, dizziness,  weakness  of  the  extremities,  and  incapacity  for  all 
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muscular  or  mental  exertion.  Delirium,  if  present,  is  of  the  mild, 
quiet  type.  Sleep  is  disturbed  only  by  nightmares  or  some  vagariei 
On  the  whole,  the  symptoms  are  not  intense,  and  are  establiahed 
gradually  and  aggravated  in  a  slow,  and  often  regular,  manner. 
On  the  other  hand,  if  invasion  is  sudden  the  nervous  symptoim 
will  be  intense  and  disquieting  from  the  first.  The  process  is  of  Ik 
nature  of  a  true  outbreak.  There  has  been  a  silent  accumulation 
of  toxins,  and  all  of  a  sudden  a  violent,  impetuous,  imexpeeted 
reaction  occurs — i.  e.,  intense  chills  or,  in  children,  a  convuhiYe 
attack.  At  the  same  time  fever  develops  and  rapidly  readw 
102.2^   or  104*^    F.  (39*^   or  40*^.  C). 

Headache  is  intense,  and  delirium  may  be  excessive  from  the  firet 
Severe  delirious  phenomena  are  mostly,  we  might  say  nearly  always, 
observed  in  diseases  characterized  by  sudden  onset  and  occurring 
in  predisposed  individuals.  Delirium  tremens  is  altogether  excq)- 
tional  in  typhoid  fever.  It  is  not  so  rare  in  smallpox  and  erysipeliB, 
but  it  is  especially  frequent  in  pneumonia.  It  expresses  a  profound 
nervous  perturbation,  and  occurs  in  alcoholic  subjects  as  a  result  of 
the  toxomicrobic  shock,  as  is  sometimes  produced  by  violent  traa* 
matism. 

In  diseases  characterized  by  sudden  invasion,  a  series  of  symptoioJ 
which  might  be  connected  with  visceral  lesions,  but  which  seem  t 
be  dependent  upon  disturbance  of  innervation,  is  observed  from  tk 
very  beginning.  These  are,  vomiting  without  any  apparent  alter' 
tion  of  the  stomach ;  diminution  in  the  quantity  of  urine,  at  tim- 
transitory  suppression,  without  the  kidneys  as  yet  being  aflecte^ 
intense  dys|)nea,  unexplained  by  the  condition  of  the  lungs,  an: 
acceleration  of  the  pulse  and  arrythmia,  which  are  in  no\iTse  S 
pendent  upon  cardiac  lesions.  There  is  a  striking  discord  bet^T* 
the  functional  and  the  anatomical  conditions. 

ITius  far  we  have  considered  only  those  cases  in  which  invasi-- 
is  announced  by  general  phenomena.  In  other  cases,  iiifecticp 
(list^ases  may  begin  with  local  manifestations,  which  at  times  precec: 
sometimes  accompany,  the  general  reactions,  and  sometimes  th^ 
run  their  course  without  giving  rise  to  any  general  phenomena.  1 
certain  cases,  however,  the  local  lesions  develop  very  rapidly.  Tfti 
occurs  in  young  subjects  endowed  with  a  nervous  sj-stem  whicl 
reacts  ciuickly  and  with  energy,  for  example,  in  children  attacfce^i 
by  acute  pulmonary  congestion.  The  child  is  suddenly  taken  b; 
fever,  and  auscultation  practised  immediately  reveals  an  inten? 
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blowing  murmur.  Ever}i;hing  is  again  normal  on  the  following 
day.  The  fever  has  subsided,  and  the  murmur  is  no  longer  i>er- 
ceplible.  These  facts,  which  have  been  so  well  studied  by  Bergeron, 
Cadet  de  Gassicourt,  and  Hirne,  mast  be  considered  as  examples  of 
tnie  abortive  pneumonias. 

Immediately  upon  its  arrival  the  microbe  gives  rise  to  violent 
reactions  which  often  result  in  the  instant  arrest  of  its  course.  The 
excitation  of  the  nervous  system  is  expressed  by  a  congestive  fluxion 
which  arrests  the  infection.  In  the  same  order  of  ideas,  although 
their  meaning  Ls  more  difficult  to  understand,  we  may  mention 
herpes,  which  is  so  frequently  observed  in  infections,  and  urticaria, 
which  appears  especially  in  cases  of  digestive  disturbances.  Evi- 
dently the  phenomena  of  fluxion  are  alone  capable  of  making  a 
sudden  appearance.  The  other  responsive  manifestations  develop 
more  slowly,  and  if  they  at  times  appear  suddenly  it  Ls  because 
their  beginning  has  been  effected  in  a  gradual  manner  and,  having 
already  advanced  to  a  certain  degree,  they  suddenly  give  rise  to 
morbid  reactions.  There  is  often  a  lack  of  harmonv  between 
=  general  and  local  manifestations.  In  a  certain  number  of  cases 
the  two  orders  of  symptoms  l)egin  simultaneously.  In  others  the 
disease  is  at  first  characterized  by  one  or  the  other  series  of  symp- 
toms. In  still  other  iastances  local  reactions  are  progressive,  while 
general  manifestations  are  abrupt,  and  vice  versa.  There  exist, 
therefore,  a  whole  series  of  different  modes  of  reaction  of  which 
clinical  experience  furnishes  well-known  exampk^s. 

The  same  infection  may  sometimes  start  with  local  manifest  at  ioiL^, 
**id  at  other  times  by  general  symptoms.  Surgeons  have  empha- 
®Ued  this  fact  in  describing  phlegmons.  They  have  remarked  that 
"^he  beginning  with  general  reactions  indicates  a  greater  virulence* 
^f  the  morbid  germ,  and  coasequently  a  grave  j)rognosis.  This 
^mark  is  correct,  but  must  not  be  generalized.  In  erysi|)elas,  for 
^^Jstance,  these  two  modes  of  invasion  occur  without  one*  b(»ing 
^oie  benign  or  more  serious  than  the  other. 

The  duration  of  the  invasion  period  varies  considerably  accoriling 
to  the  infection  under  consideration,  and  is  not  absolutelv  fix(»d  in 
^h  disease.  Authorities  have  endeavored,  how(»vor,  to  estai:)lish 
averages.  It  Ls  generally  admitted  that  inviision  lasts  two  days 
in  scarlatina,  three  days  in  measles,  and  from  two  to  five*  days  in 
variola.  In  the  latter  infection  short  inviisions  are  observed. 
especially   in   grave   cases:  long   invasions    in    In^nign    forms.     In 
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erysipelas,  invasion  is  supposed  to  last  from  a  few  hours  to  a  day, 
and  the  maximum  is  fixed  at  two  days. 

These  rules  are  fairly  exact,  but  they  suffer  a  certain  number  of 
exceptions.  According  to  our  personal  observations  the  classicil 
figure  Ls  observed  in  a  little  more  than  one-third  of  the  cases  of 
measles  in  adults.  In  children  below  two  years  of  age  the  period 
of  invasion  is  generally  very  short.  In  scarlatina  invasion  lasts 
forty-eight  hours  in  half  of  the  cases;  it  is  not  infrequently  shorte, 
but  seldom  longer.  As  to  variola,  the  law  of  Sydenham,  accepted 
by  Trousseau,  is  well  known.  An  invasion  of  two  daj^  or  two  days 
and  a  half  indicates  a  confluent  variola;  an  invasion  of  three  days 
and  a  half  or  four  days  and  more  particularly  when  it  lasts  five 
days,  indicates  a  discrete  variola.  Prof.  Jaccoud  has  modified  the 
formula.  He  maintains  that  a  short  invasion  may  be  followed  by 
a  discrete  variola,  but  a  prolonged  invasion  never  precedes  a  con- 
fluent variola.  Our  statistics  show  that  there  are  exceptions  to 
all  these  rules,  and  that  variolas  have  at  times  been  confluent  after 
periods  of  invasion  lasting  four,  five,  and  even  six  days.  Moreovtf, 
we  have  inquired  as  to  the  applicability  of  Sydenham's  law  9» 
modified  by  Jaccoud  to  the  majority  of  cases,  and  we  have  reached 
the  conclusion  that  in  all  forms  of  variola,  excluding  the  primarily 
confluent  variety,  invasion  generally  lasts  three  days.  In  one-third 
of  the  ca^^es  it  does  not  exceed  one  or  two  days.  The  law  of  Syden- 
hani-Jaccoud  is,  therefore,  exact  in  54  per  cent,  of  the  cases. 

Stationary  Period. 

Since  the  time  of  Hippocrates  it  has  been  customary  to  aW 
three  periods  or  stages  in  the  evolution  of  acute  diseases :  an  invading 
period,  a  stationary  period,  and  a  period  of  decline.  Jaumes  has 
proposed  another  di\dsion.  He  admits  but  two  periods — ?*.  e.,  one 
characterized  by  a  morbid  effort  corresponding  to  the  period  m 
which  the  organism  is  overwhelmed,  and  one  occurring  only  m 
favorable  cases,  a  period  of  improvement  and  restoration.    In  other 

• 

words,  the  first  period  corresponds  to  the  attack  of  the  pathogenic 
cause,  and  the  second  to  the  curative  eff'ort  of  the  organism.   Tte 
division  is  quitc^  in  harmony  with  the  present-day  conception  of 
disease.     It  would  have  been  perfect  if  reaction  really  foUovfed 
action,  and  if  (ILsease  followed  a  regularly  descending  course  after 
arriving  at  its  height  through  a  progressive  aggravation.    In  reality 
the  facts  are  more  complex.     As  we  have  repeatedly  stated,  the 
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defensive  reactions  begin  at  the  same  time  as  the  offensive  actions, 
and  at  times  even  before  all  appreciable  symptoms.  Consequently, 
the  two  classes  of  symptoms  constantly  intermingle,  with  the 
exception,  however,  that  the  pathogenic  agent  has  the  advantage 
in  the  beginning.  The  reactions  of  the  invasion  period  indicate 
that  the  organism  is  defeated,  or  at  least  on  the  defensive.  Th^n 
comes  a  period  when  the  struggle  assmnes  a  serious  character,  and 
fte  two  participants  fully  display  their  forces.  This  is  the  stationary 
period,  wliich  at  times  seems  to  remain  unchanged,  and  at  others 
a  series  of  deviations  occurs  depending  upon  the  various  vicissitudes 
of  the  struggle.  This  period  is  the  most  important  from  a  noso- 
logical standpoint,  since  the  characteristic  symptoms  of  the  disease 
are  fully  developed.  They  are  so  grouped  as  to  constitute  a  special 
type  ^ch  is  easily  defined  and  classified.  It  is  at  this  moment 
tbt  a  previously  hesitating  diagnosis  may  be  made  more  certain. 

In  studying  the  stationary  period  the  local  symptoms  and  general 
phenomena  must  likewise  be  taken  into  consideration.  WTien  the 
local  manifestations  occupy  the  external  parts  they  may  readily 
be  studied.  Such  is  the  case  with  erysipelas,  abscesses,  and  phleg- 
inons,  cutaneous  ulcerations  and  gangrenes. 

These  are  also  quite  easily  recognized  when  they  occupy  a  mucous 
fltembrane  which  is  accessible  to  exploration,  such  as  that  of  the 
mouth  and  pharynx.  In  case  a  deeply  seated  organ  is  attacked, 
the  study  becomes  more  difficult;  yet,  according  to  the  modifications 
manifested  in  the  ftmctions  of  the  organ  and  the  changes  which 
may  be  perceived  by  means  of  physical  examination,  palpation, 
percussion,  and  auscultation,  we  can  quite  exactly  determine  and 
foDow  the  evolution  of  the  phenomena  produced  in  the  deeper  parts 
<>f  the  economy. 

In  certain  cases,  even  the  minutest  exploration  fails  to  reveal 
•^y  organic  alteration,  because  the  symptoms  are  of  a  general 
^acter.  The  latter  consist  in  responsive  manifestations  referable 
Aiefly  to  the  nervous  system,  the  secretions,  and  thermogenesL«^. 
^  nerv'ous  symptoms  are  those  which  have  already  been  noted 
^  treating  of  the  invasion  period — i.  e.,  headache,  incapacity  for 
^rk,  a  diminution  of  psychical  acuity,  delirium,  and,  exceptionally, 
convulsions.  The  secretions  are  for  the  most  part  diminished. 
He  urine  is  scanty,  the  saUva  is  not  abundant,  and  the  tongue  is 
dry.  Finally,  thermogenesis  is  also  perverted,  and  there  is  usually 
Arise  of  both  peripheral  and  central  temperature. 
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A  comparison  of  local  and  general  symptoms  leads  to  the  foUomog 
conclusions:  Sometimes  the  local  and  general  phenomena  follov 
a  parallel  course.  They  are  aggravated  or  improved  simultaneoudf. 
They  decline  and  disappear  almost  at  the  same  time.  Sometimn 
there  is  a  decided  discord  between  the  two  orders  of  phenomeDi. 
Thus,  for  instance,  the  local  lesion  may  subside  while  the  geoenl 
phenomena  grow  worse.  In  such  cases  there  is  generally  dcm 
fresh  complication.  More  frequently  the  reverse  is  the  case.  Tie 
general  manifestations  vanish,  whereas  the  local  symptoms  seem 
to  remain  stationary.  This  fact  is  particularly  striking  in  pneu- 
monia. From  day  to  day  a  sudden  defervescence  takes  plwe. 
The  temperature,  which  had  risen  to  KH*"  F.  (40°  C),  falls  to  98.5"  F. 
(37°  C).  The  secretions  are  re-«stablished;  the  patient  expericnoei 
a  feeling  of  well-being  which  makes  him  realize  that  his  sickiMi 
is  over,  and  yet  no  improvement  has  taken  place  in  the  conditwn 
of  the  lung.  On  the  contrary,  the  stethoscopic  signs  are  the  same 
as  the  day  before.  The  same  lack  of  parallelism  is  observed  in 
erysipelas,  but  less  constantly.  The  general  phenomena  subside, 
while  the  cutaneous  lesion  persists  without  any  change.  Finally, 
in  certain  cases  the  discord  is  no  longer  real,  as  in  the  precedinj 
examples,  but  only  apparent.  The  local  legion  seems  to  remain 
unchanged,  and  yet  the  general  phenomena  are  modified  or  ev«i 
aggravated.  These  indicate  either  a  local  change,  which  \vt  are 
thus  enabled  to  recognize  and  predict,  or  a  new  perturbation, 
perhaps  a  commencing  complication. 

In  order  to  recognize  the  nature,  follow  the  evolution,  establii 
the  prognosis,  and  predict  the  possible  accidents  of  a  disease,  we 
must  at  the  same  time  take  into  account  the  local  and  general 
manifestations  and  their  harmony  or  discordance. 

Let  us  first  consider  the  local  phenomena.  Five  events  are 
possible  • 

1.  The  local  lesion,  which  began  during  the  period  of  invasion, 
is  not  modified  during  the  stationary  period,  but  follows  a  >'ery 
simple  evolution,  increases  gradually,  reaches  its  height,  and  then. 
in  favorable  cases,  resolves.  No  notable  change  in  its  character 
or  aspect  appears.  Of  numerous  illustrations  it  will  suffice  to 
mention  mumps,  erysipelas,  and  gonorrhea.  We  might  add  scarlet 
fever  and  nu^ash^s,  in  which  the  eruption  characterizing  the  stationary 
period  extends  progressively  to  all  parts  of  the  skin,  but  alvrays 
prosorvos  an  invariable  aspect. 
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I.  In  other  cases  the  local  lesion  is  modified  from  day  to  day. 
1  abscess  may  be  taken  as  an  example  in  which  exploration  is  easy. 
t  first  induration  is  present,  then  the  lesion  undergoes  softening, 
^mes  fluctuating,  and  opens  exteriorly.  A  like  course  may  be 
bBcrved  in  cases  of  visceropathies.  In  simple  bronchitis  there  is 
period  of  crudity,  when  expectoration  is  difficult  and  painful, 
len  a  period  of  coction,  when  the  sputa  become  mucopurulent 
Dd  are  easily  expectorated.  Examination  of  the  sputa  as  well  as 
uscultation  demonstrate  the  changes  characterizing  these  two 
leriods.  By  the  same  methods  of  exploration  we  can  follow  per- 
5Ctly  the  evolution  of  a  pneumonic  focus :  In  the  beginning  there 
\  pulmonary  obstruction  resulting  from  the  exudations,  and  auscul- 
ation  reveals  crepitant  r&les.  Next,  a  fibrinous  exudation  into 
be  air  cells  takes  place;  this  is  the  period  of  red  hepatization, 
haracterized  by  tubular  breathing.  Lastly,  the  exudation  softens 
nd  auscultation  reveals  r&les  of  resolution. 

3.  Instead  of  remaining  localized  in  a  region  the  local  lesion  ex- 
MKJs  and  invades  the  neighboring  parts.  Here  erysipelas  and 
neumonia  may  again  serve  as  examples.  While  often  circum- 
aibed,  erysipelatous  inflammation  sometimes  extends  over  a 
teat  part  of  the  skin.  At  times  it  covers  the  entire  surface  of  the 
%.  This  is  a  particular  clinical  form  justly  described  under  the 
Mne  ambulatory  erysipelas.  The  same  evolution  may  be  observed 
1  the  lungs,  under  which  circumstances  pneumonia  is  designated 
J  migrating.  In  certain,  but  fortunately  very  rare,  instances  a 
cal  lesion  grows  both  deeper  and  larger,  causing  considerable  loss 
I  substance.  This  is  known  as  phagedenif^nij  and  is  observed 
liefly  in  the  soft  chancre,  which  lesion  may  destroy  the  penis, 
ivade  the  scrotmn  and  thighs,  and  follow  a  serpiginous,  extensive 
i>urBe,  the  duration  of  which  may  be  months  or  even  years. 

4.  The  local  lesion  sometimes  progresses  by  successive  stages. 
^Tien  the  lesion  seems  on  the  point  of  subsiding,  or  has  even  disap- 
Wed,  a  recidive  sometimes  occurs  in  the  region  primarily  attacked. 
^  is  observed  especially  in  erysipelas.  In  other  instances  the 
scurrence  takes  place  in  parts  more  or  less  distant  from  th(»  region 
nmarily  diseased,  for  example,  orchitis,  occurring  in  mumps,  and 
udocarditis,  pericarditis,  or  meningitis  in  pneumonia.  The  patho- 
?mc  agent  thus  tends  to  colonize  distant  tissues  or  organs.  The 
ocess  is,  as  it  were,  a  relapse  at  a  distance.     In  a  certain  number 

cases  the  appearance  of  a  new  morbid  focus  coincides  with  the 
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disappearance  of  the  primary  focus.  This  is  metastcuns,  the  best 
illustration  of  which  is  furnished  by  the  history  of  rheumatism: 
when  cerebral  manifestations  appear  the  swelling  in  the  articuh- 
tions  subsides,  the  pain  disappears,  sometimes  with  astonishing 
rapidity;  a  transfer  of  the  fluxion  from  the  articulations  to  the 
nervous  centres  occurs. 

5.  The  local  lesion  may  be  modified  by  an  additional  infection. 
Pathogenic  microbes  implanting  themselves,  for  example,  in  a  part 
already  diseased,  give  rise  to  suppuration,  and  may  even  invade 
the  economy.  In  gonorrhea  the  gonococcus  often  remains  localiied 
in  the  urethra.  CJommon  bacteria,  however,  soon  join  it,  and  may 
subsequently  induce  very  serious  disturbances.  Although  the  gono- 
coccus may  at  times  invade  the  organism,  the  so-called  gonorrheal 
rhemnatism  generally  depends  upon  ordinary  pyogenic  bacteria. 
The  proceas  Is  one  of  attenuated  purulent  infection  to  which  the 
agent  of  gonorrhea  has  merely  opened  the  way. 

General  phenomena  usually  follow  a  course  parallel  to  that  of 
local  symptoms.  During  the  stationary  period  they  may  remain 
quite  unmodified.  In  pneiunonia,  for  instance,  the  fever  remaina 
about  104*^  F.  (40®  C).  Dyspnea,  thirst,  and  headache  remain 
about  the  same  during  the  entire  evolution.  The  same  remark 
holds  true  of  typhoid  fever,  although  some  differences  are  revealed 
by  a  more  careful  study. 

In  some  instances  the  general  symptoms  are  modified  several 
times,  so  that  the  stationary  period  has  been  divided  into  a  certain 
number  of  secondary  periods.  In  other  cases  the  general  phenomena 
keep  pace  with  the  local,  as  is  observed  in  smallpox.  Sometimes 
the  changes  do  not  seem  to  harmonize.  Thus,  in  tubercular  menin- 
gitis three  periods,  which  apparently  do  not  correspond  to  ana- 
tomical changes,  have  been  described  according  to  the  general 
symj)toms.  After  a  pha^se  characterized  by  violent  headache,  feW 
constipation,  and  vomiting,  a  marked  remission  occurs,  which  last? 
nearly  a  week.  The  patient  is  believed  to  be  convalescent,  when  the 
symptoms  reappear  and  go  from  bad  to  worse,  ending  in  death. 

In  a  certain  number  of  infections  the  modifications  in  the  general 
phenomena  express  the  generalization  of  a  primarily  local  microbic 
process.  Such  is  the  case  with  malignant  pustule.  The  lesion  is  at 
first  characterized  simply  by  a  cutaneous  eschar.  In  certain  cases 
phenomena  of  general  infection  are  subsequently  produced,  indicat- 
ing the  invasion  of  the  economy  by  the  pathogenic  agent.    Like^? 
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ases  of  septicemia  or  pyemia  consecutive  to  local  lesions,  the 
agps  occurring  in  the  general  symptoms  reveal  the  invasion  of 
organism. 

fosologists  have  divided  the  stationary  period  of  diseases  by 
ing  into  account  both  the  modifications  occurring  in  the  local 
iptoms  and  the  general  manifestations.  Undoubtedly  these 
isions  are  not  always  perfect.  Didactic  descriptions  are  neces- 
ly  schematic  and  cannot  give  an  exact  idea  of  the  complexity 
clinical  phenomena.  We  have  above  referred  to  tubercular 
lingitis.  Its  evolution  in  three  phases,  admitted  by  all  classical 
itises,  is,  however,  of  rare  occurrence.  The  phenomena  very 
om,  if  ever,  progress  with  such  quasi-mathematical  precision  as 
been  attributed  to  them.  The  clinical  types  are,  in  reality, 
more  complex  and  variable  than  may  be  supposed  from  classical 
Tiptions. 

he  general  phenomena  have  been  divided  into  continued,  re- 
lent, intermittent,  and  irregular,  mainly  upon  the  basis  of  the 
aae  data  of  medical  thermometry.  After  the  details  which  we 
B  given  in  treating  of  the  febrile  process  (p.  355),  it  will  suffice  to 
that  general  morbid  manifestations  run  a  course  nearly  parallel 
liat  of  fever,  increasing  or  diminishing  with  it,  and  thus  present- 
the  same  daily  variations.  There  are,  however,  exceptions  to 
rule.  There  may  be  dissociation  between  the  two  orders  of 
aomena.  Febrile  manifestations  may  diminish  while  the  other 
iptoms  become  aggravated.  Such,  for  instance,  is  the  case  in 
atic  or  renal  lesions.  We  have  then  to  deal  with  particular 
icid  forms. 

Biiical  Forms.    The  stationary  period  of  infectious  diseases  being 

longest  and  especially  the  best  characterized,  has  served  to 

erentiate  clinical  types.    On  the  basis  of  their  evolution  cyche 

ases  may  be  admitted  in  which  the  duration  is  sufficiently 

ned  and  determined  by  a  regular  succession  of  morbid  phenom- 

Pneimionia,  typhoid  fever,  and   eruptive   fevers  belong  to 

categorJ^    It  should  be  remembered,  however,  that  the  figures 

in  by  authorities  are  subject  to  numerous  variations.    The  term 

line  days  assigned  to  pneumonia,  and  of  three  weeks  to  typhoid 

r,  represent  averages  which  are  seldom  realized.    Nevertheless, 

term  may  be  retained  in  contradistinction  to  non-cyclic  diseases, 

as  diphtheria  and  erjrsipelas,  whose  capricious  course  defies  all 

ts  at  averaging.    Even  in  those  diseases  in  which  the  stationary 
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period  is  best  determined  very  great  variations  may  be  obeerved 
In  certain  cases  the  evolution  is  shortened,  either  because  the  diseaff 
assumes  a  very  acute,  speedy  course,  causing  death  very  rapidly,  or, 
on  the  contrarv,  because  it  follows  an  abortive  course.    Pneumonia 
is  again  a  good  illustration.    This  infection  may  kill  at  times  withii 
a  few  hours,  as  occurs  in  the  aged,  in  diabetics,  and  in  individuals 
suffering  from  previous  diseases,  notably  erysipelas.     In  this  con- 
nection we  may  also  mention  the  speedy  types  of  scarlatina,  smaD* 
pox,  and  cholera.    Death  may  supervene  at  the  beginning  of  the 
stationary  period,  and  even  before  the  latter  is  clearly  established. 

Pneumonia  Ukewise  furnishes  the  best  illustration  of  an  abortict 
infection.  The  disease  begins  suddenly,  reaches  the  statioDary 
period,  and  all  at  once  defervescence  occurs  on  the  third  or  fourth 
day.  Abortive  typhoid  fevers  have  also  been  described,  and  we  may 
likewise  admit  the  occurrence  of  abortive  eruptive  fevers— i.  e., 
such  as  are  cut  short  after  a  prodromic  period.  Thus,  an  individual 
who  has  been  exposed  to  the  contagion  of  variola  is  seized  witii  all 
the  premonitory  symptoms  of  this  disease;  then  the  syinptoDW 
disappear  and  the  eruption  is  characterized  by  two  small  pustules. 
This  is  evidently  an  instance  of  an  attack  of  variola  deserving  the 
name  abortive.  Notwithstanding  the  intensity  of  the  symptoms  of 
invasion,  the  disease  is  cut  short.  Cases  of  abortive  erysipela?, 
which  stop  suddenly  after  the  period  of  invasion,  at  the  very  begin- 
ning of  the  stationary  period,  may  also  be  admitted.  It  Is  useless  to 
multiply  examples.  While  these  facts  are  already  well  known,  the 
author  believes  them  to  be  far  more  frequent  than  is  usually  supposed. 
Many  febrile  paroxysms,  transitory  indispositions,  and  sudden  chife, 
which  are  followed  by  no  special  manifestations  whatever  and  which 
run  their  course  in  a  day  and  sometimes  in  a  few  hours,  are  to  be 
accounted  for  bv  an  infection  that  is  abortive.  Consecutive  to 
infections  occurring  during  convalescence  from  eruptive  fevers  or 
erysipelas,  we  often  see  febrile  paroxysms  which,  apparently,  are 
rpf(»rable  to  no  other  cause.  This  is  demonstrated  bv  the  fact  that 
numoious  transitions  are  ol)served  between  the  ephemeral  fevers, 
which  can  in  nowise  be  accounted  for,  and  those  which  indicate 
relapse  or  a  complication. 

By  the  side  of  diseases  aborting  spontaneously  should  be  placed 
those  aborting  in  consequence  of  therapeutic  intervention.  Cases 
of  this  kind,  formerly  rare,  will  become  more  and  more  frequent  as 
we  become  better  acquainted  with  specific  medication.    The  latter 
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sometimes  represented  by  vegetable  or  mineral  products.  Such 
e  the  salts  of  quinine,  which  arrest  malarial  infection,  and  the 
its  of  silver,  which  stop  a  beginning  gonorrhea,  and  especially  the 
kieparations  of  mercury,  which  suspend  the  evolution  of  syphilis. 
^t  present  specific  and  abortive  remedies  are  looked  for  in  sub- 
stances derived  from  immimized  animals.  The  results  obtained  by 
senim  therapy  inspire  us  with  the  hope  that  the  time  is  not  far 
fistant  when  it  will  be  possible  to  arrest  the  evolution  of  a  great 
nranber  of  infectious  diseases. 

Tlie  acute  infections,  even  when  they  generally  follow  a  cyclic 
wuree  and  terminate  within  a  well  determined  time,  niav  in  some 
cases  be  prolonged  beyond  the  usual  limits.  For  instance,  pneu- 
monia, instead  of  lasting  nine  days,  may  not  reach  defervescence 
until  toward  the  twelfth  or  even  the  fifteenth  day.  Likewise, 
typhoid  and  eruptive  fevers  are  not  infrequently  prolonged  in  an 
unusual  manner,  although  examination  of  the  patient  fails  to  explain 
the  persistence  of  the  morbid  symptoms.  There  is,  so  to  say,  a 
torpidity  of  the  organism  which  fails  to  produce  the  si)ecial  con- 
fitions  capable  of  arresting  the  infection. 

In  a  great  number  of  cases,  however,  prolongation  of  the  disease 
<  due  to  a  particular  course  or  to  the  influence  of  complications. 
lie  evolution  is  prolonged  as  the  result  of  f<uccesf<ive  invasions. 
X  the  moment  when  the  infection  is  believed  to  have  nearly  termi- 
ated  a  new  focus  is  produced.  Pneumonia  and  typhoid  fever  may 
i^olve  in  this  manner,  and,  although  the  new  attack  is  generally  of 
sorter  duration  than  the  first,  the  total  duration  is  thereby  con- 
derably  prolonged.  This  mode  of  evolution,  while  rare  in  the 
iseases  above  referred  to,  is  the  rule  in  certain  infections.     Such 

the  case  with  recurrent  typhus,  intermittent  fever,  and  varicella, 
ic  duration  of  the  last-named  disease  Ix^ing  extremely  variable  on 
ccount  of  the  variation  presented  by  the  course  of  successive 
^currences.  In  certain  cases  the  recidive  of  morbid  symptoms  is 
Receded  by  a  certain  interval  of  recovery.  A  recurrence  is  then 
Ud  to  have  taken  place.  As  in  the  case  of  relapse,  recurrence  is 
^nerally  less  grave  than  the  first  attack;  but  this  rule  is  subject 
>  a  great  number  of  exceptions. 

Finally,  morbid  evolution  may  b(»  j)rolong(Hl  by  reason  of  com- 
b'cations  occurring  during  the  stationary  period  or  convalescence. 
ew  phenomena,  mostly  referable  to  superadded  infections ,;may  thus 
Qgthen  the  duration  of  a  disease  for  a  considerable  |)eriod  of  time. 

33 
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It  is  evident  that  nothing  but  h3rpotheses  can  be  advanced  as 
the  causes  which  intervene  to  abridge  or  prolong  infections.  Asi 
from  those  cases  in  which  secondary  complications  are  responsife 
it  is  not  understood  w^hy  morbid  action  is  cut  short  and  then  r 
appears  when  defervescence  is  about  to  set  in  or  even  dt/er  coi 
valescence  has  began.  The  solution  of  these  problems  is  intimatel; 
connected  with  the  study  of  predisposition,  immunity,  and  tin 
mechanism  of  recovery.  If,  as  is  generally  admitted,  recovery  i 
effected  by  virtue  of  chemical  and  .  dynamic  modifications  pitv 
duced  within  the  organism;  if  it  is  dependent  upon  an  increase o 
the  germicidal  power  of  the  tissue  fluids  and  upon  the  phagocyC 
activity  of  the  cells,  the  duration  of  the  disease  will,  of  com* 
depend  upon  the  rapidity  of  the  organic  changes,  namely,  upon  tl 
responsive  potency  of  the  economy.  Relapses,  on  the  other  haXJ 
would  be  due  to  an  insufficiency  of  reaction.  This  explanatU 
however,  is  inadequate.  What  we  desire  to  determine  are  the  cai3 
or  conditions  which  arouse  the  responsive  activity  of  the  econo 
promptly  in  one  case,  slowly  in  another,  and  incompletely  i 
third.  The  question  is  thus  reduced  to  a  problem  of  a  much  vC 
general  nature.  In  a  very  great  number  of  conditions  morbid 
actions  are  observed  which  are  partly  dependent  upon  the  nerv 
system  and  partly  upon  the  state  of  general  nutrition.  Tt 
reactions  vary  considerably  from  one  subject  to  another,  and 
variability  is  connected  with  the  hereditary  or  personal  as 
cedents,  si)ecial  innate  characteristics,  and  idiosyncrasies  of 
individual;  in  brief,  \\\\\\  the  various  causes  to  which  we  have  c 
stantly  refernMl  to  explain  the  development  and  course  of  disea 

Differences  in  reaction  likewise  explain  differences  in  terminat: 
When  reaction  is  energetic  and  timely  it  succeeds  in  destroyingi 
invading  microbes.  If  slight  and  slow  it  only  arrests  their  prog:i 
and  the  process  passes  into  a  chronic  condition.  If  too  weal 
too  tardy  it  fails  to  save  the  organism,  and  the  disease  termin/ 
in  death. 

Tli(\se  considerations  suffice  to  demonstrate  that  the  same  i 
fectious  disease  may  present  varied  symptoms  and  follow  ane 
treniely  variable  evolution.  Supposing  all  conditions  to  be  t 
same  as  far  as  the  microbe  is  concerned,  the  influence  of  the  organi 
makes  itself  constantly  felt  and  contributes  to  modifv  the  see 
Therefore,  a  certain  number  of  clinical  forms  have  been  adniiti 
These  divisions  are  evidently  arbitrary.     In  order  to  establish  th 
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the  various  cases  encountered  have  been  compared  with  an  habitual 

average  type,  running  its  course  without  the  intervention  of  any 

\m\isual  influence.    In  this  way  clinical  forms  have  been  grouped 

\mder  two  heads:    First,  according  as  modifications  depend  upon 

some  anomaly  in  the  course,  morbid  symptoms,  or  localization. 

Second,  according  as  they  are  due  to  the  condition  of  the  subject. 

With  some  variation  this  division  may  be  applied  to  all  infections. 

In  order  to  fix  the  ideas,  let  us  consider  the  two  diseases  in  which 
dimcal  types  are  the  most  numerous  and  the  most  varied,  namely, 
pneumonia  and  typhoid  fever. 

The  following  two  tables  will  show  how  cUnical  forms  may  be 
^^^*^ed.  The  terms  sanctioned  by  usage  are  suflSciently  clear  to 
^ke  description  uimecessary : 

CLINICAL  FORMS  OF  PNEUMONIA. 

f         *•  DrvisioKs  Based  on  the  Study  of  the  Disease. 
'•  -According  to  the  caurte. 
Abortive  pneuxnonia. 
°P^dily  fatal  pneumonia, 
'^'onged  pneumonia. 
Double. 

»^'ith  successive  foci. 
Migrating, 
'^♦^ting  pneumonia. 

2  A 

ccotjI,^  (q  lf^^  morbid  elements  or  itymptoma. 

^^'^^inatory  pneumonia. 

^^'^^xxiic  pneumonia. 
^^^^  pneiunonia. 
^^T^'^^^nia  with  icterus. 
^*^oui»  pneumonia. 

3.  ^^^coTding  to  loealixation. 
^^^^Uinonia  of  the  base. 
i^^Umonia  of  the  apex. 
Central  pneumonia. 
J**«8ive  pneumonia. 
»»^uropneumonia. 

^,  Division  B.uiED  ox  the  Condition  of  the  Subject. 

1.  According  to  age. 
Pneumonia  of  children. 
Pneumonia  of  the  aged. 

2.  Aecffrding  to  the  previous  state  of  hedUh. 

Foeumonia  of  cachectics. 

Pneumonia  of  drinkers. 

Pneiunonia  of  the  obese. 

Pneumonia  of  diabetics. 

pneumonia  of  bronchitics. 

pneumonia  of  the  tubercular. 

pneumoma  of  those  suffering  with'3malaria,'^etc. 
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3.  According  to  the  coexistence  of  another  infection. 
Pneumonia  of  typhoid  fever. 
Pneumonia  of  erysipelas. 

Pneumonia  of  acut^e  articular  rheumatism,  etc. 
Pneumonia  of  influenza. 

CLINICAL  FORMS  OF  TYPHOID  FEVER. 

I.  Divisions  Based  on  the  Stxtdy  of  the  Disease. 

1 .  According  to  the  course. 
Abortive  typhoid  fever. 
Prolonged  typhoid  fever. 
Speedily  fatal  typhoid  fever. 
Typhoid  fever  with  relapses. 

2.  According  to  the  morbid  elements. 
Mucous  typhoid  fever. 
Ambulatory  typhoid  fever. 
Inflammatory  typhoid  fever. 
Bilious  typhoid  fever. 
Hemorrhagic  tjrphoid  fever. 
Ataxic  typhoid  fever. 
Ad>'namic  typhoid  fever. 
Putrid  tjrphoid  fever. 
Hyperpyretic  typhoid  fever. 
Sudoral  tjrphoid  fever. 

3.  According  to  the  localitations. 
Ner\'ous  forms. 

Meningeal. 

Spinal. 
Tlioracic  form. 
Gastric  form. 
Icteric  form. 
Renal  form. 
Cardiac  form. 
Septicemic  form. 

II.  Divisions  Based  upon  the  Condition  of  the  Subject. 

1.  According  to  the  age. 

Typhoid  fever  of  children. 
Typlioid  fever  of  tlie  aged. 

2.  According  to  the  previous  condition  of  health. 

Typhoid  fever  of  cachcctics. 
Typhoid  fever  of  the  obese. 
Typhoid  fever  of  drinkers. 
Typhoid  fever  of  tlie  tubercular. 

3.  According  to  the  coexistence  of  another  infection. 

Typlioid  malaria. 

Larvngotyphus. 

Priouinotyphiia. 

Termination  of  Infectious  Diseases. 

We  have  repeatedly  shown  that  the  organism  is  provided  w 
means  of  protection  which  prevent  penetration  and  inultiph'cat 
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of    pathogenic  germs.    The  latter  may  succeed  in  invading  the 
economy  only  when  the  vigilance  of  the  cells  is  diverted  for  a  moment 
and   the  fluids  are  altered  by  some  affection.    The  disease  then 
manifesto  itself.     Modifications  in  cellular  nutrition  are  immediately 
produced,  however,  which  transform  the  blood,  the  fluids,  and  the 
tissues,  and  make  of  them  unfavorable  culture  media  for  the  patho- 
genic agent.    Two  events  are  then  possible:    1.  In  some  cases  the 
changes  are  produced  slowly  and  progressively;  the  organism  gradu- 
ally rids  itself  of  the  germs  and  neutralizes  the  action  of  the  toxins 
which  impregnate  it.     Defervescence  is  slowly  effected ;  the  fever  is 
progressively  reduced  by  lysis,  and  the  various  functions  consume 
a  more  or  less  long  period  of  time  in  returning  to  their  normal  con- 
dition.    It  is,  therefore,  possible  to  follow  the  progress  of  recovery 
ilay  after  day.    This  is  what  takes  place  in  typhoid  fever.    2.  In 
other  instances,  on  the  contrary,  the  termination  is  abrupt  and 
sudden  as  in  pneumonia.     It  is  then  said  that  a  crms  has  occurred. 
Crises.     From  the  earliest  antiquity  it  has  been  noted  that  certain 
diseases  may  present  sudden  changes  in  their  evolution.    This  is 
cri-si^y  which  suj^ervenes  when  the  corrupt  humor  (humeur  peccant) 
has  undergone  coction.    Nature  expels  it  from  the  body  or  causes 
its  deposition  in  some  part  of  the  economy.    The  latter  result  was 
formerly  considered  fortunate  or  unfortunate  according  as  deposition 
occurred  in  an  organ  of  little  importance  or  indispensable  to  life : 
These  ideas  led  Hippocrates  to  formulate  the  following  definition: 
* '  A  crisis  in  diseases  is  either  an  exacerbation,  decline,  a  metaptosis, 
another  affection,  or  the  end." 

The  crisL**,  however,  did  not  occur  at  undetermined  periods.  It 
was  produced  on  fixed  days,  called  critical  days,  which  corresponded 
to  weeks  or  half  weeks — that  is  to  say,  to  the  fourth,  seventh,  tenth, 
fourteenth,  seventeenth,  and  twentieth  days.  The  critical  days 
were  preceded  by  the  indicating  days,  when  an  exacerbation  of  the 
symptoms  was  usually  observed.  We  nmst  add  that  Hippocrates 
did  not  regard  the  critical  days  as  possessing  an  absolute  value.  The 
crisis  might  occur  twenty-four  hours  sooner  or  later.  Galen,  on 
the  other  hand,  attributed  to  each  day  an  absolute  significance. 
He  contended  that  acute  diseases  did  not  last  more  than  forty  days, 
and  considered  the  crisis  as  a  sudden  reversion  to  health. 

The  latter  definition  has  prevailed.  At  the  present  day  the  name 
crisis  is  reserved  for  cases  in  which  the  change  is  favorable.  In 
infectious  diseases  this  change  is  characterized  by  the  following 
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phenomena:  A  sudden  fall  in  temperature,  a  rapid  increase  of 
urine,  the  re-«stablishment  of  secretions,  and  the  elimination  of 
noxious  substances  accumulated  during  the  disease.  According  to 
prevaiUng  ideas  or  the  conceptions  of  the  observer,  attempts  have 
been  made  to  define  crisis  by  thermal  defervescence  or  by  urinary 
modifications.  In  recent  years,  attention  having  been  drawn  espe-  j 
cially  to  the  modifications  of  cellular  activity,  Dr.  ChaufTard  has 
proposed  the  following  definition :  An  intimate  and  sudden  act 
which  terminates  the  morbid  evolution  and  at  the  same  time  gives 
rise  to  an  ensemble  of  nutritive  and  functional  mutations. 

As  we  are  dealing  only  with  infections,  we  may  look  for  the  char- 
acteristic nature  of  the  crisis  in  the  most  striking  clinical  phenomena 
which  occur  at  this  moment  of  evolution.  The  symptomatic  modi- 
fication is  so  marked  as  to  have  sufficed  to  reveal  the  existence  of 
crises  before  the  introduction  of  the  modern  methods  of  investiga- 
tion, such  as  thermometry,  urology,  and  the  investigations  on 
nutrition. 

An  individual  who  was  deeply  infected  on  the  previous  evening 
is  found  completely  cured  on  the  following  morning.  This  is  the 
cUnical  characteristic  of  the  crisis.  Setting  aside  all  theoretical 
discussions,  we  may  adopt  the  following  definition :  ' '  Crisis  is  char- 
acterized by  the  sudden  disappearance  of  morbid  manifestation?." 
We  do  not  say  morbid  phenomena,  since  the  local  lesion  persists:  it 
is  the  general  reactions  that  subside.  As  we  have  rej^eatedly  stated, 
these  reactions  are  dependent  upon  intoxication.  Consequently 
cessation  of  the  disturbances  indicates  that  the  poisons  have  been 
abruptly  eliminated  or  neutralized.  The  study  which  we  are  about 
to  und(  rtake  will  show  that  the  latter  hypothesis  is  the  more  prob- 

• 

able.     On  the  ground  of  the  results  acquired  by  the  study  of  arti- 
ficial immunity  it  may  be  admitted  that  neutralization  of  the}K)iso^^ 
depends  upon  a  modification  in  the  cellular  nutrition  which  protect*^ 
the  anatomical  elements  against  the  toxic  influenc(\     If  this  is  true 
we  may  place  by  the  side  of  the  symj)tomatic  definition  above 
proposed  a  definition  drawn  from  the  very  essence  of  crisis— i- ^•* 
from  the  study  of  j)athological  physiology.     Therefore  we  may  say". 
'^  Crisis    is  essentia  III/  characterized   hy  a  sudden    neutralization  <^i 
viicrohic  toxins^   namehjy  hy  an   immunity  conferred  u]xtn  the  cefe 
against  their  action,''     To  those  who  may  wonder  why  this  temunal 
modification    is  produced  or  rather  manifested  in  a  sudden  manner 
we  shall  answer  that  the  situation  is  precisely  the  same  at  the  period 
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[  invasion.  For  instance,  pneumonia  begins  and  terminates  with 
he  same  instantaneousness. 

Supersaturation  of  the  organism  by  the  toxins  was  necessary  in 
)rder  for  a  reaction  to  be  produced  and  for  the  disease  to  be  estab- 
ished.  Likewise,  supersaturation  of  the  organism  by  antitoxins  is 
ttecessary  in  order  for  the  disturbances  of  toxic  origin  to  be  neutral- 
ised. 

There  is  an  interesting  fact  that  had  not  escaped  the  attention  of 
ancient  observers,  namely,  that  crisis  is  often  preceded  by  the  so-called 
precritical  phenomena,  consisting  in,  an  at  times,  alarming  aggrava- 
tion of  the  sjonptoms.  The  temperature  rises  to  a  higher  figure 
than  on  the  preceding  days.  The  pulse  is  weaker  and  more  rapid. 
Dyspnea  is  very  intense,  and  sometimes  the  body  is  covered  with 
Bold  perspiration.  The  subjective  sensations  experienced  by  the 
[Mitient  are  in  harmony  with  these  objective  disturbances,  and 
lence  increase  the  anxiety  of  those  about  him.  The  contrast  is 
still  more  striking  when  the  individual  seems  to  be  cured  the  next 
morning. 

In  other  cases  the  crisis  is  preceded  by  a  procrisis.  The  temper- 
iture  is  suddenly  reduced,  and  may  even  fall  to  the  normal.  The 
>ther  symptoms  subside,  and  one  might  believe  the  evolution  at  an 
'fid.  In  the  evening,  however,  the  disturbances  are  renewed,  to  be 
'erminated  in  a  definite  manner  on  the  following  day.  In  still  other 
^*8es  a  false  crisis  occurs.  During  twenty-four  or  forty-eight  hours 
i  relative  subsidence  takes  place,  and  the  temperature  is  lower  than 
^^  the  preceding  days.  Then  the  morbid  symptoms  are  again 
"^Dewed  to  disappear  suddenly  and  definitively  a  few  days  later. 

In  most  cases  the  crisis  is  produced  during  the  night.  It  is, 
"crefore,  surprising  to  see  the  patient  who  wsis  very  sick  the  previous 
^'ening  completely  cured  in  the  morning.  The  general  jihenomena 
*^'e  disappeared.    The  patient  realizes  this  by  the  feeling  of  well- 

• 

^^  which,  doubtless,  constitutes  one  of  the  most  astonishing 
^nifestations.  He  has  the  feeling  that  th(»  disease  is  at  an  end  and 
^^t  he  has  entered  upon  convalescence.  The  tongue,  which  was 
"y,  becomes  moist.  The  skin,  which  was  dry  or  covered  with  cold 
'TBpiration,  recovers  its  agreeable  moisture.  The  pulse,  which  was 
eak  and  rapid,  becomes  strong  and  slow.  The  change  which  is  at 
resent  most  easily  observed  is  the  sudden  fall  of  temperature.  The 
itient  w^ho  on  the  previous  day  had  104°  or  105.8°  F.  (40°  or  41°  G.) 
s  no  more  than  dS.ff"  F.  (37°  C).    This  reduction  of  several 
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degrees  is  produced  within  twelve  hours.  In  some  cases,  however, 
it  is  effected  more  slowly — in  thirty-six  hours.  At  times  the  ther- 
mometer shows  a  fall  to  a  subnormal  degree,  not  exceeding  96.P  F. 
(36°  C),  and  the  temperature  may  remain  at  this  point  for  sevwal 
days. 

The  sudden  and  profound  change  produced  at  the  moment  of 
crisis  may  give  rise  to  new  nervous  reactions  which  constitute  the 
so-called  epicrisis.  In  children  this  is  manifested  by  convulsions; 
in  the  aged  by  collapse,  which  is  sometimes  so  marked  as  to  makfi 
it  a  diflScult  matter  to  warm  the  patient.  In  adults,  delirium  and 
in  some  instances  delirium  tremens  occur.  I  have  observed  several 
cases  in  which  patients,  who  had  manifested  not  the  slightest  intd- 
lectual  disorder  during  the  stationary  period,  develop  delirium 
sometimes  of  an  intense  character,  at  the  moment  of  recovery 

f 

strangely  contrasting  with  the  ameUoration  or  disappearance  of  thi 
other  symptoms.  The  intellectual  disturbance,  however,  is  rapidl] 
cured,  and  does  not  indicate  an  unfavorable  prognosis.  Its  patho 
genesis  is  the  same  as  that  of  the  initial  deUrium.  The  chanp 
suddenly  occurring  in  the  economy  has  disturbed  the  equilibrium 
or  the  quietude  of  the  predisposed  nervous  system,  thus  provokini 
violent  reactions. 

Special  attention  must  be  devoted  to  changes  presented  by  the 
blood  and  the  secretions.  Dr.  Hayem  has  described  a  hemic  crisis^ 
in  which  the  white  corpuscles,  increased  in  number  during  the 
disease,  resume  their  normal  number.  The  red  corpuscles  progres- 
sively diminish,  and  at  the  time  of  the  crisis  an  activity  on  the  part 
of  the  hematoblasts  occurs,  designed  to  increase  the  red  globules. 
We  have  already  referred  to  the  moisture  of  the  skin.  At  times 
this  cutaneous  manifestation  is  more  intense.  Sweating  Is  profuse. 
and  serves  probably  for  elimination  of  the  toxins.  There  may  also 
be  observed  other  manifestations,  such  as  erythemata,  outbreaks 
of  urticaria  and  herpes,  sometimes  diarrhea,  a  bilious  attack,  or 
epistaxis. 

During  the  disease  the  quantity  of  urine  progressively  diminish^- 
At  the  moment  of  the  crisis  a  discharge  occurs.  The  polyuria  L^v^^ 
abundant.  Voiding  of  two  and  three  Utres  is  not  rare.  The  urine  i^ 
less  highly  colored  than  during  the  stationary  period.  At  thistim^ 
it  corresponds  to  the  numbers  4  and  5  of  the  scale  of  Neubauer  an* 
Vogel.  At  the  time  of  defervescence  it  corresponds  to  the  numbe^ 
2  and  3.     Not  infrequently  the  density  is  increased.     In  one  instan 
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I  found  it  to  be  from  1.025  to  1.031.  The  reaction  is  often  neutral 
and  sometimes  alkaline.  The  soluble  substances  undergo  still  more 
interesting  variations.  The  urea,  which  may  have  been  reduced  to 
12  or  15  grams  during  the  stationary  period,  rises  to  30  or  40  grams. 
The  chlorides,  which  were  represented  by  1  or  even  0.8  gram,  reach 
10  and  12  grams.  The  modifications  in  the  amount  of  chlorides 
have  been  attributed  to  the  diet.  This  opinion  is  inadmissible,  for 
it  is  contradicted  by  the  abundant  discharge  at  the  moment  of 
recoverj\  It  is  also  known  that  if  chlorides  or  iodides  are  admin- 
istered to  pneumonia  patients,  these  substances  accumulate  in  the 
organism  and  are  eliminated  only  at  the  time  of  crisis.  Likewise, 
the  phosphates  and  the  sulphates  increase  when  defervescence  is 
established,  although  in  less  notable  proportions. 

The  same  is  true  with  regard  to  those  poisons  which  are  normally 
excreted  by  the  urine,  they  being  in  great  part  retained  in  the 
organism  during  the  disease.  During  the  stationary  jjeriod  the 
toxicity  of  the  urine  progressively  diminishes.  At  the  time  of  crisis 
it  is  considerably  increased  and  reaches  or  even  exceeds  the  normal 
figure.  It  should  not,  however,  be  concluded  from  this  result  that 
recovery  is  due  to  the  sudden  elimination  or  to  the  urotoxic  discharge. 
On  the  contrary,  the  reverse  is  true.  Crisis  appears  because  the 
patient  has  recovered.  ThLs  m  proved  by  the  fact  that  in  certain 
cases  the  urinary  crisis  occurs  twenty-four  hours  before,  or,  what  is 
Diore  demonstrative,  after  recovery.  Thus,  the  patient  being  cured, 
ke  is  capable  of  rejecting  the  poisons  which  impregnate  his  organism, 
but  to  which  he  had  alreadv  become  insensible. 

Oiiiia  in  Pneumonia.  The  disease  in  which  crisis  Ls  best  char- 
acterized is  incontestably  lobar  pneumonia.  In  typical  forms  the 
^Diperature  falls  to  the  normal  ^\ithin  a  night. 

Pnemnonia  does  not  always  terminate  in  this  manner,  however. 

^  infection  is,  perhaps,  the  one  in  which  the  symptoms  and 

evolution  are  most  modified  within  the  last  years.    Thus,  we  quite 

often  see  the  termination  effected  in  a  slow  and  progressive  manner. 

The  fever  is  reduced  little  by  little,  then  it  persists  for  days  and  even 

^ks.    Under  such   conditions   diagnosis   becomes   difficult   and 

'Wivers  between  a  pnemnonia  with  a  slow  course  and  a  pulmonary 

tuberculosis.    Even  in  such  cases,  however,  certain  critical  manifes- 

Ations  are  found,  especially  some  interesting  modifications  in  the 

haracters  of  the  urine. 

Let  us  first  consider  the  observations  in  which  the  crisis  is  quite 
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clear.    In  such  cases  the  quantity  of  the  urine  is  increased,  but 
this  phenomenon  does  not  always  coincide  with  defervescence.    It 
may  begin  a  day  or  two  earlier  or,  on  the  contrary,  appear  onlj 
at  a  later  period.    At  times  the  polyuria  is  not  established  untfl 
the  moment  of  convalescence.    The  amount  of  urea  is  sometima 
increased,  at  other  times  diminished,  while  the  chlorides  are  alwayi 
increased.     Furthermore,  we  have  pursued,  with  Dr.  Gaume,  some 
researches  on  the  variations  of  the  urinary  toxicity,  studying  from 
the  standpoint  of  the  urinary  syndrome  eleven  patients  suffering 
from  pneumonia.    In  seven  of  the  cases  the  termination  was  effected 
by  sudden  defervescence.    In  two  others  the  fever  terminated    \ 
slowly  after  having  presented  numerous  variations.     In  the  last  two 
cases  the  disease  ended  fatallv/ 

In  the  first  seven  cases  polyuria  was  present  only  twice.  The 
increase  of  the  urea,  however,  was  very  marked.  From  13  grams, 
which  was  the  figure  obtained  during  the  stationary  period,  the 
amount  of  urea  rose  suddenly  to  35  and  40  grams  and  even  50  grams. 
Tliis  excess  was  observed  on  the  day  of  the  crisis  and  the  day  follow- 
ing. The  modifications  in  the  chlorides  were  still  more  striking. 
During  the  stationary  period  we  found  0.8  to  2  grams.  On  the  day 
following  defervescence  the  figure  rose  to  10  and  12  grams.  During 
the  disease^  there  was  a  notable  diminution  in  the  urinary  toxicity, 
it  being  two  or  three  times  less  than  under  normal  conditions. 
This  result  may  be  partly  attributed  to  the  fact  that  the  patient 
was  confined  to  a  milk  diet;  but  this  condition  is  not  sufficient, for 
it  cannot  explain  the  increase  of  toxicity  at  the  moment  of  the 
crisis,  when  the  diet  was  exactly  the  same  as  before.  I  believe, 
thfTeforo,  that  the  various  urinary  poisons,  like  the  chloridoi^,  ^ 
retained  in  the  organism  and  are  eliminated  at  the  moment  of  the 
(lefervosceiiee.  A  urotoxic  discharge  is  thus  produced,  lasting  for 
a  (lav  or  two. 

Thus,  urinary  toxicity  is  very  low  during  the  febrile  period  of 
pneumonia,  and  it  often  diminishes  as  the  disease  advances;  then 
a  urotoxic  discharge  suddenly  supervenes,  lasting  from  twenty-four 
to  forty-eight  hours,  and  reaching  its  maximum  on  the  day  of  therm^ 
crisis,  exce})li()nally  on  the  following  day.  After  the  crisis  this 
toxicity  slowly  diminishes  in  some  cases,  rapidly  in  others,  and  may 
again  fall  to  extremely  low  figures  during  convalescence. 

^   lioi^cr  ami  Gauiiio.      Toxicit^^  de  I'lirino  dans  la  pncumonir.     Revue  dv  mtHlwine. 
April  10,  1889. 
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1  two  of  our  cases  the  fever,  instead  of  terminating  in  a  sudden 
mer,  was  reduced  slowly.  In  one  of  them  the  urotoxic  crisis 
I  produced  at  the  moment  when  the  temperature  had  begun  to 
fine,  and  lasted  two  days,  presenting  the  usual  characters.  In 
'  other  case  an  incomplete  crisis  was  first  observed,  coinciding 
ih  a  urotoxic  crisis.  Subsequently  the  fever  recurred  and  the 
nary  toxicity  again  diminished.  A  new  urotoxic  discharge,  a 
k  less  pronounced  than  the  first,  occurred  three  dajrs  later. 
m  this  moment  on  the  course  of  the  disease  tended  rapidly 
rard  recovery. 

finally,  in  two  of  the  cases  the  disease  terminated  in  death,  but 
)  evolution  was  in  several  respects  comparable  to  the  preceding 
0  cases.  The  course  was  prolonged.  There  was  no  defervescence, 
t  several  febrile  subsidences  occurred,  coinciding  with  urotoxic 
charges. 

Ml  these  facts  concur  to  demonstrate  the  existence  of  a  urotoxic 
as,  even  in  fatal  cases,  although  in  the  latter  the  discharge  of  the 
isons  is  not  well  marked. 

tt  would  evidently  be  very  interesting  to  further  study  these 
ftnomena  and  to  determine  the  substances  to  which  the  toxicity 
the  urine  is  due.  Feltz  and  Ehrmann  attribute  it  to  potassium 
ts,  but  the  analyses  which  we  have  made  have  not  enabled  us  to 
i  any  clear  relation  between  the  variation  of  the  salts  and  the 
mges  of  the  toxicity.  Authorities  are  at  present  inclined  to 
ieve  that  a  toxic  r61e  is  played  by  ptomains,  produced,  perhaps, 
the  microbe  of  pneumonia.  Drs.  Lupine  and  Gu^Tin  have  found 
aloids  in  pneumonic  urines.  By  examining  200  cubic  centi- 
tres  of  urine,  they  found  ptomains  which  when  injected  into 
p  killed  them  within  twenty-four  or  forty-eight  hours.  In 
ve  cases  they  found  much  more  toxic  alkaloids.  Thus,  in  one 
Br\'ation  the  alkaloids  of  250  cubic  centimetres  of  urine  sufficed 
dll  a  frog  in  two  hom^.  The  most  interesting  fact,  however,  is 
t  the  day  following  defervescence  they  could  obtain  hardly  any 
ic  bases,  even  by  employing  900  cubic  centimetres  of  urine, 
atever  the  active  substances  may  be,  the  urine  of  pneumonia 
ents  differs  from  normal  urine  in  that  it  is  highly  c()n\'ulsant 
often  causes  salivation.  Normal  urine  also  contains  a  sialogen 
tance,  but  the  action  of  the  latter  is  masked  by  the  other  poisons. 
lust  be  extracted  from  the  urine,  while  its  presence  is  manifest 
leumonic  urine  even  when  the  total  urine  is  injected. 
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OrifliB  in  Typhus.     Next  to  pneumonia^   typhus  fever  is,  perhap 
the  disease  which  most  clearly  terminates  by  crisis.     Its  fever  chart 
recalls  fairly  well  that  of  pneumonia.    The  rise  is  sudden,  and  oo 
the  evening  of  the  first  day  the  temperature  reaches  102.2°  F- 
(39°  C).     During  the  stationary  period  the  fever  oscillates  between 
102.2°  and  105.8°  F.  (39°  and  41°  C).    Defervescence  is  often  pre- 
ceded by  a  precritical  period  during  which  the  temperature  is  slightljr 
reduced.    At  the  moment  of  crisis,  which  is  effected  in  twenty^oar 
or  forty-eight  hours,  it  often  falls  below  normal.     Coinciding  wift 
the  fall  of  the  temperature  there  is  a  complete  and  truly  astonisliiiil 
modification  in  the  general  condition  of  the  patient — stupor  dis- 
appears, the  skin  becomes  moist,  and  the  sleep  sound.    Fin^y,  fte 
urine,  which  was  scanty  and  red,  becomes  profuse  and  pale. 

Orisis  in  Erysipelas.  Erysipelas  is  often  cited  among  diseases 
which  terminate  by  crisis.  In  fact,  there  are  cases  in  which  M^ 
vescence  occurs  in  an  abrupt  manner  as  in  pneumonia.  Between  , 
evening  and  morning  the  temperature  falls  from  104°  to  98.6^  R 
(from  40°  to  37°  C),  not  to  rise  again.  Oftener,  however,  defe^ 
vescence  takes  forty-eight  hours,  either  because  the  temperature  is 
reduced  gradually,  or  because,  after  a  fall  to  98.6°  F.  (37°  C),  it 
once  more  rises  on  the  evening  of  the  first  day,  and  does  not  remain 
normal  until  after  the  second  day.  Finally,  the  temperature  is  not 
infrequently  reduced  by  lysis,  presenting  a  series  of  variations. 
Whatever  the  mode  of  termination  may  be,  a  hypothermic  state  in 
which  the  temperature  falls  to  96.8°  F.  (36°  C),  sometimes  even 
to  96.4°  F.  (35°  C),  often  occurs  after  defervescence.  In  two  cases 
we  have  found  94.7°  F.  (34.8°  C.)  in  the  absence  of  any  notable 
disturbance. 

The  study  of  thermal  modifications  should  be  supplemented  b.^ 
investigation  of  the  urinary  variations.     The  researches  which  ^ 
have  pursued  on  this  subject,  with  the  assistance  of  Dr.  Marsat, 
demonstrated  that  the  modifications  are  analogous  to  those  observed 
in  pneumonia,  except  that  they  are  less  pronounced.     During  the 
stationary  period  the  urine  is  scanty.     The  amount  does  not  exceed 
700  or  900  cubic  centimetres,  the  color  being  mahogany  red.  The 
density  rises  and  varies  between  1.022  and  1.030.     The  reaction  is 
acid.     At  the  moment  of  convalescence  a  critical  polyuria  is  pro- 
duced.    The  amount  voided  rises  to  1500  and  2000  cubic  centi- 

*  Marsat.     Essai  d'urologie  clinique  dans  I'^rysip^le.    Thdse  de  Paris,  1S94. 
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fcres.  The  color  is  clearer,  and  the  density  falls  to  1.017  and  1.010. 
this  time  a  transitory  incontinence  of  urine  which  lasts  a  day  or 

0  occasionally  occurs  in  women.  The  modifications  in  the  urea, 
osphates,  and  chlorides  are  far  less  marked  and  clear  than  in 
cumonia.  The  chlorides  diminish,  as  in  pneumonia.  Of  these 
)m2  to  6  grams  are,  however,  found  during  the  stationary  period. 
t  the  moment  of  convalescence  the  daily  figure  rises  to  12  and  13 
ams.     The  modifications  in  the   phosphates  are  very  irregular. 

1  the  majority  of  cases  there  is  diminution  during  the  stationary 
iriod  and  a  return  to  the  normal  at  the  time  of  convalescence ;  but 
e  modifications  in  the  phosphates  are  often  produced  in  a  sudden 
id  unexpected  way  which  is  not  explained. 

OriiiB  in  Scarlatiiia.  Among  the  eruptive  fevers  scarlatina  de- 
rves  particular  attention.  The  researches  pursued  in  our  labor- 
wy  by  Dr.  Mazaud*  showed  with  accuracy  the  urotoxic  variations 
oduced  in  this  infection.  At  the  beginning  of  scarlatina  the  urine 
scanty.  The  absolute  toxicity  is  high — i,  e.,  a  small  amount 
len  injected  into  animals  suffices  to  cause  death.  If,  however, 
e  volmne  is  taken  into  account,  it  is  found  that  the  individual 
iminates  in  the  twenty-four  hours  less  poison  than  under  normal 
inditions.  When  the  urine  is  albuminous  it  often  presents  peculiar 
•operties.  It  gives  rise  to  intestinal  movements  which  are  more 
'  less  violent  and  followed  by  diarrhea.  These  manifestations  are 
»ent  when  the  urine  contains  no  albumin.  It  is,  therefore,  prob- 
ate that  the  albumins  of  the  stationary  period,  which  are  mainly 
)n8tituted  by  globulins,  possess  toxic  properties.  Whether  albu- 
unous  or  not,  the  lU'ine  at  the  beginning  of  the  disease  is  always 
anvulsant.  Hence  it  seems  to  contain  nerve  poisons,  a  fact  which 
tin  perfect  harmony  with  the  symptoms  presented  by  the  patients. 
At  the  moment  of  recovery  a  urinary  crisis  occurs,  supervening 
'  most  cases  on  the  tenth  or  eleventh  day.  The  urinary  and  the 
rotoxic  crisis  are  effected  at  about  the  same  time,  but  the  coinci- 
aice  is  not  absolute.  An  interesting  fact  is  that  the  temperature 
always  reduced  before  the  urotoxic  crisis  appears.  In  scarlatina 
well  as  in  pneumonia  recovery  precedes  and  explains  the  crisis. 
3iif68  in  Variotui  Infections.  Among  the  other  infections  termin- 
Qg  by  crisis,  although  less  marked  and  clear  than  in  the  preceding 
mples,  variola,  varioloid,  and  mumps  may  be  cited,  as  well  as 

llaxaud.  Recherches  exp^rimentales  sur  les  variations  do  la  toxicity  des  urines  au 
I  de  la  scarletine.    Thdse  de  Paris,  1898. 
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typhoid  fever,  which  in  one-fourth  of  the  cases,  according  to  M 
Jaccoud,  instead  of  terminating  slowly,  as  is  the  rule,  ends  abruptly.  ! 
We  may  likewise  mention  malaria,  the  crises  of  which  have  been  , 
well  studied  by  Moss6,  Roques,  and  I^emoine ;  and  recurrent  fever, 
the  spirilla  of  which  appears  in  the  blood  before  the  paroxysm  and 
disappear  a  little  before  the  crisis.  Infectious  icterus  must  not  be 
overlooked.  ChauflFard  has  thoroughly  studied  the  characters  of  tiic 
urinary  crisis  in  catarrhal  icterus.  Since  the  works  of  Bouchard 
and  of  Mosse  it  is  known  that  primary  grave  icterus  often  terminateB 
in  recovery  and  that  disappearance  of  the  symptoms  coincides  whk 
a  urinary  crisis  running  a  course  parallel  to  the  increase  in  the  urine 
and  urea.  Another  element  may  at  present  be  added — i.  e.,  urinaiy 
toxicity. 

Oholera.  There  is  a  disease  in  which  crisis  occurs  in  a  reverae 
direction :  that  is  cholera.  In  the  stationary  period  the  temperature 
is  below  normal.  At  the  moment  of  recovery  it  rises  above  and 
sometimes  reaches  a  figure  notably  above  the  normal.  Thus  a 
febrile,  reactionary  period  develops,  sometimes  attended  by  grave 
manifestations  which  may  impart  to  the  patient  a  typhoid  aspect. 

Oonclusions.  The  facts  above  reported  suffice  to  demonstrate 
that  crisis  is  the  result  and  not  the  cause  of  recovery.  It  must  be 
considered  simply  as  a  process  resulting  from  an  exaggeration  of 
normal  phenomena.  It  is  established  that  in  a  healthy  man  the 
elimination  of  autogenous  poisons  is  not  effected  in  a  continuous 
manner.  The  urinary  secretion  varies  from  one  day  to  another. 
It  follows  a  tertian  and  less  frequently  a  quartan  type.  Then,  even 
in  a  normal  state  of  things,  accumulations  and  discharges  are  con- 
stantly produced — that  is  to  say,  little  crises.  This  is  a  particular 
example  of  a  general  law.  We  have  already  shown  that  therein 
no  uniform  movement  in  nature,  and  that  all  vital  acts  are  remittent. 
Starting  from  this  physiological  fact,  we  may  regard  crisis  as  a 
natural  phenomenon  or  an  exaggeration  of  the  normal  type. 

On  the  other  hand,  it  seems  to  us  that  the  termination  of  tlie 
disease  must  be  attributed  to  a  change  occurring  in  the  acti\'ityof 
the  infectious  agent.  Netter  and  Patella  have  shown  that  at  the 
moment  of  crisis  the  pneumococci  succumb  or  are  attenuated.  ^ 
is  probable  that,  under  the  influence  of  antitoxins,  the  microbe 
ceases  to  elaborate  toxins.  At  the  same  time  the  cellular  reaction 
which  has  terminated  in  the  production  of  antitoxins  must  have 
armed   the  nervous  centres  against  the  effects  of  impregnation. 
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lien  this  reactionary  process  is  at  an  end  the  nervous  centres 
>come  indifferent  to  the  toxins  which  still  remain  in  the  economy, 
ad  which,  as  experience  demonstrates,  are  not  eUminated  until 
wenty-four  hours  later.  Hence  we  conclude  that  the  i)rimary 
(henomenon  is  a  chemical  transformation  occurring  in  the  organism 
«otecting  the  cells  against  the  toxins;  in  other  words,  rendering 
he  cells  capable  of  enduring  the  microbic  poison  as  if  the  organism 
TOre  vaccinated.  Under  these  conditions  the  toxic  action  is  no 
onger  exercised.  The  symptoms  disappear,  cellular  activity  is 
^e8tablished,  and  elimination  of  the  poisons  may  be  effected.  This 
8  the  last  act  of  the  critical  evolution. 

Convalescence.  When  the  morbid  process  seems  to  have  been 
wested  and  recovery  established,  the  organism  is  not  yet  com- 
Jetely  restored  to  its  normal  condition.  There  is  still  a  last  period, 
crmed  convale.<cence, 

lie  appetite,  which  had  been  suppressed  during  the  disease, 
eappears,  and  it  is  often  so  marked  that  it  is  difficult  to  prevent  the 
»tient  from  overeating.  The  temperature  often  falls  below  normal, 
Bie  figures  97.7°  and  96.8°  F.  (36.5°  and  36°  C.)  are  not  infrequent, 
md  may  be  observed  for  a  week  or  more.  Emaciation  appears  or 
ncreases,  this  probably  being  due  to  the  great  amount  of  waste 
rtiich  is  eliminated  by  the  different  emunctories,  notably  tlirough 
he  respiratory  apparatus  and  the  kidneys.  Then,  at  the  end  of  a 
ew  days,  the  patient  grows  fat,  his  weight  often  exceeding  that 
loted  before  the  commencement  of  the  disease,  and  at  times  he 
becomes  slightly  obese.  The  nervous  system  having  been  most 
tffected  during  the  stationary  period,  therefore  returns  more  slowly 

0  its  normal  condition.  During  the  first  days  following  recovery, 
rtien  all  the  organs  are  working  regularly,  the  nervous  system  is 
till  disturbed.  The  individual  is  unable  to  keep  on  his  feet  or  walk. 
f  an  abrupt  movement  is  attempted,  dizziness  and  palpitation  are 
^perienced.  Now  and  then  a  febrile  paroxysm  occurs,  as,  for 
^stance,  when  he  happens  to  read  a  little  too  much,  or  on  the 
ccasion  of  a  visit,  an  emotion,  or  an  exertion  of  little  inii)()rtance, 
^ch  as  making  his  toilet.  The  thermometer  then  marks  100.4°  or 
Ol.y  F.  (38°  or  38.5°  C).  These  disturbances,  which  seem  to 
lepend  simply  upon  a  lack  of  equiHbrium  in  the  centres  of  thermal 
Ration,  and  not  upon  an  additional  infection,  are  transitory  and 

1  no  wise  disquieting.  The  nerv^ous  manifcvstations  of  convales- 
Dce,  however,  are  sometimes  much  more  marked  than  would  be 
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expected  in  \dew  of  the  comparatively  innocent  character  of  the 
disease.  In  this  regard  nothing  is  more  instructive  than  influenia. 
Even  after  the  slight  forms  which  have  lasted  but  a  few  days,  con- 
valescence is  very  tedious.  Weakness,  asthenia,  and  incapacity  for 
work  may  persist  for  weeks  or  months.  Finally,  some  of  the  symp-  j 
toms  of  the  stationary  period  may  reappear.  A  convalescent  from  ■ 
typhoid  fever  will  easily  have  diarrhea.  A  convalescent  from  a 
thoracic  affection  will,  upon  the  slightest  cause,  cough  and  have  pain 
in  the  side. 

Evidently,  the  duration  of  convalescence  varies  according  to  the 
nature,  type,  and  gravity  of  the  disease,  and  also  according  to  the 
age  or  previous  condition  of  the  subject.  Aged  individuals  and 
those  who  are  already  weakened  require  more  time  to  be  re-estab- 
lished, and  it  may  often  be  necessary  for  them  to  go  to  the  country 
or  to  a  warm  cUmate. 

Convalescence  may  be  interrupted  by  a  variety  of  accidents. 
Besides  the  nervous  fevers  already  referred  to,  other  causes  may 
produce  a  rise  of  temperatiu-e  up  to  102.2°  or  104°  F.  (39°  or  40°  C). 
After  a  day  or  two  the  temperature  again  becomes  normal.  Tliis 
is  often  a  process  of  abortive  relapse.  The  disease,  not  being  weD 
extinguished,  recommences  and  is  arrested  by  means  of  timely 
medication  or  the  natural  defenses  of  the  organism.  In  other 
instance?  a  so})ticemia  is  superadded  to  the  primary  disease.  Some 
authorities  have  even  maintained  that  the  relapses  of  typhoid  fever 
should  be  considered  as  infections  of  intestinal  origin — i,  e.,  that  the 
alterations  of  Peycr's  patches,  by  lessening  the  means  of  defense, 
permit  the  invasion  of  the  economy  by  the  habitual  microbes  of  the 
alimentary  canal. 

Febrile  paroxysms  connected  with  cutaneous  suppurations  may 
also  be  observed.  The  alterations  of  the  skin,  like  those  just  referred 
to  in  the  intestine,  permit  the  pus  cocci  to  produce  abscesses  c  boils- 
At  times  an  infection  is  produced  in  other  organs.  For  exampfe? 
pneumonia  may  be  observed  during  convalescence  from  any  disease. 
Lastly,  in  certain  cases  febrile  paroxysms  occur,  which  are  ex- 
plained by  the  aggravation  of  an  antecedent  chronic  infection.  For 
example,  in  an  individual  who  has  sufTered  for  a  more  or  less  con- 
siderable period  with  a  torpid  or  slow  tuberculosis,  and  then  con- 
tracts measles,  convalescence  does  not  become  duly  established  after 
this  intercurrent  infection.  He  remains  weak  and  suffering.  He 
has  slight   fever  every  night.    The  symptoms  may  thus  evolve 
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t&pidly  toward  a  fatal  termination,  or,  on  the  contrary,  tiiey  may 
liter  a  certain  time  be  arrested  and  disappear. 

Kelapsea  and  Recurrences.  Convalescence  may  also  be  inter- 
nivifd  hy  a  rplapse.  In  fact,  io  certain  infections  relapse  is  the 
nJe.  Such  is  the  case  in  recurrent  fever,  and  a  particular  form  of 
jinfeclious  icterus,  improperly  called  Weil's  disease. 
I  Rflapee  is  particularly  frequent  in  tj^ihoid  fever,  influenza,  and 
;fcroQchopneumonia.  It  is  rare  in  lobar  pneumonia,  and  exceptional 
in  otier  infections.  Not  infrequently  it  is  caused  by  a  fault  of  the 
iphjsieian  or  of  the  patient.  Alimentation  may  have  been  too  rapid 
■or  loo  abundant ;  the  patient  may  have  got  up  too  soon,  or  exposed 
timself  to  cold,  and  especially  to  fatigue.  It  is  relatively  easy  to 
treat  a  disease  during  the  stationary  period,  but  at  the  moment  of 
KiDvalfflcence  the  physician  is  often  greatly  embarrassed  and  requires 
Timcb  tact  and  experience. 

Relapse  sometimes  manifests  itself  in  a  slow  and  progressive 
•manner.  More  often  it  appears  suddenly,  even  in  the  case  of  typhoid 
!fei"er.  In  this  disease  the  temperature  reaches  102.2°  or  104°  F. 
j(39°or  40°  C.)  on  the  evening  of  the  first  day.  In  a  general  way, 
itflapees  are  less  grave  and  of  shorter  duration  tlian  the  primary 
•ffection.  There  are  many  exceptions  to  this  rule,  however,  and  a 
wlspse  may  be  more  prolonged,  graver,  and  even  fatal. 

In  scarlatina  we  have  never  observed  true  relapses.  We  have 
jobferved  erythemata  of  convalescence,  which  we  have  already  re- 
^"Tpiito,  and  which  coexist  with  variou'!  infectious  manifestations,  a 
inoivledge  of  which  singularly  elucidates  the  significance.  Such  is 
^l  the  case  with  mea;sles.  At  times  a  child  presents  a  shght  erup- 
^^  attended  with  f*light  fever  and  diarrhea.  Measles  is  diag- 
"ftJed,  the  symptoms  resolve,  and  a  few  days  later  an  eruption, 
ftewise  accompanied  by  catarrh  and  fever,  makes  its  appearance, 
"lis  second  attack  is  generally  more  intense  and  better  characterized 
nan  the  first.  In  one  case  in  which  the  contagion  was  clearly 
Wablishcd  the  first  attack  occurred  on  the  seventh  day,  and  the 
teond  renewal  in  due  time,  namely,  on  the  twelfth  day.  The  first 
■anifestation  may,  therefore,  be  considered  as  a  sort  of  rubeoliform 
teh:  for  it  seems  logical  to  admit  that  the  eruption  occurring  at 
b  habitual  moment  is  the  true  one. 

Variola  is  not  a  disease  in  which  relapses  are  observed.  It  must 
e  noted,  however,  that  in  certain  instances  some  new  pustules 
pj'  appear  toward  the  twentieth  day,  especially  upon  the  soles 
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of  the  feet.    At  all  events,  they  are  not  numerous,  and  rapidly 
disappear. 

Relapses  have  often  been  observed  in  diphtheria.  Here  is  a  fine  '■ 
example:  The  patient  had  been  treated  by  serumtherapy.  Hi  ; 
angina,  which  was  of  a  quite  serious  character,  was  on  the  way  to  ; 
recovery,  when  one  morning  he  found  the  throat  agam  covaed  j 
with  pseudomembranes  containing  a  large  number  of  Loeffler^B  ; 
bacilU.  Although  this  patient  had  already  received  60  c.c.  of  ; 
senmi,  we  gave  two  new  injections  of  30  c.c.  each.  TTie  fate 
membranes  were  detached  in  four  days,  but  the  patient  died  from 
diphtheritic  paralysis.  ] 

Becorrences.  A  distinction  has  justly  been  established  betweeo 
relapse  and  recurrence.  Relapse  means  a  new  beginning  of  a  diaea»  \ 
without  a  new  infection.  Recurrence  is  connected  with  a  new 
infection.  In  a  good  many  cases  the  distinction  is  easy.  When  a 
person  is  attacked  with  typhoid  fever  or  erysipelas  after  an  interval 
of  fifteen  or  twenty  years,  such  is  evidently  a  case  of  recurrence. 
When,  however,  the  symptoms  reappear  at  an  early  period,  inte^ 
pretation  becomes  extremely  difficult.  Some  individuals,  particularly 
women,  have  erysipelas  every  month.  Is  such  a  case  an  example 
of  reciurence  or  of  a  relapse?  It  is  impossible  to  answer,  since  we  do 
not  know  what  period  of  time  is  required  for  the  destruction  of  the 
germ. 

The  present  tendency  is  to  increase  the  importance  of  relapses  at 
the  expense  of  recurrences,  and  to  admit  that  the  microbes  remain 
inactive  in  the  organs  and  tissues,  but  ever  read}''  to  assume  the 
offensive  upon  the  slightest  occasional  cause.  Indeed,  it  has  even 
been  asserted  that  in  most  cases  the  recurrences  of  gonorrhea  are  but 
relapses.  In  fact,  the  gonococcus  persists  during  an  almost  indefinite 
period  of  time  in  the  urethra  which  it  has  once  invaded.  Erj'sipelas 
and  pneumonia  are  among  the  diseases  which  seem  truly  capable  of 
frequent  recurrences.  Recurrences  of  measles  are  quite  common; 
those  of  typhoid  fever,  smallpox,  and  scarlatina  are  very  rare. 
According  to  the  information  furnished  by  our  patients,  recurrencea 
of  measles  are  observed  in  14  per  cent,  of  the  cases  in  adults;  ft^^ 
of  scarlatina  is  encountered  once  in  a  hundred  cases.  As  to  syphife. 
recurrence  is  altogether  exceptional.  Most  of  the  cases  cited  as 
examples  of  second  chancre  are  accounted  for  by  a  confusion  with 
tertiary  lesions  of  the  genitals,  which  sometimes  simulate  a  primary 
lesion. 
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Bsage  of  Acute  Infections  to  a  Ohronic  Oondition.  Although 
ery  is  the  normal  termination  of  infectious  diseases,  there  are 
in  cases  in  which  the  evolution  is  prolonged  beyond  the  usual 
8.  The  disease  is  then  said  to  have  become  chronic, 
le  duration  of  acute  diseases  has  been  arbitrarily  fixed  at  forty 
.  Beyond  this  term  chronicity  is  supposed  to  be  established. 
le  question  be  considered  from  a  higher  standpoint  it  will  be 
;mzed  that  an  essential  difference  between  the  two  processes 
imished  by  the  study  of  the  evolution.  Acute  disease  is  a 
rid  process  in  a  state  of  continuous  modification.  Each  day 
p  about  a  change  which,  though  often  but  slightly  marked,  can 
rtheless  be  recognized  by  a  careful  examination.  It  will  then 
}ted  that  the  organism  is  reacting — ^that  is,  struggling  with  all 
)rces  to  arrest  and  destroy  the  morbific  cause;  it  is  in  revolt 
ist  the  invader.  In  a  chronic  disease  the  organism  submits  to 
oke  of  the  pathogenic  agent,  and  seems  to  have  no  other  ambi- 
than  to  live  with  it.  It  hardly  tries  to  circumscribe  its  progress, 
wmdons  itself,  being  incapable  of  continuing  the  battle.  The 
•n  the  condition  of  the  patient  is  not  more  quickly  reduced 
it  the  invader  itself  has  become  less  active  and  aggressive.  In 
manner  a  tacit  agreement,  as  it  were,  is  made  between  the 
)be  and  the  organism,  and  the  disease  persists,  undergoing  only 
mely  slow  changes. 

lerefore,  an  acute  disease  is  distinguished  by  a  lively  and  not 
quently  by  a  too  energetic  reaction.  A  chronic  disease  is 
icterized  by  the  absence,  ineflftciency,  or  the  slowness  of  reac- 

times,  however,  the  organism  may  for  a  moment  recover  its 
gr.  The  result  is  acute  attacks,  often  occurring  without  any 
Bciable  cause,  and  at  times  as  a  consequence  of  exposure  to 

traumatism,  or  an  intercurrent  infection.  Under  these  con- 
is  the  pathogenic  microbe  makes  a  fresh  attack,  with  the  result 
the  organism  shakes  off  its  torpidity.  This  acute  spell  may 
Y  directed,  imdisciplined,  and  precipitate  the  morbid  evolution, 
thus  rapidly  terminate  in  death.  In  other  instances,  after 
g  given  rise  to  painful  symptoms,  it  leads  the  organism  to 
ery.  A  rebellious  gonorrhea,  for  example,  has  been  seen  to 
3ear  after  a  new  acute  attack. 

licine  has  attempted  to  imitate  these  natural  procedure^!. 
nt   local   applications  may  realize   this   indication.     Koch's 


632  INFECTIO  US  DISEASES. 

tuberculin  does  not  act  otherwise.    It  whips,  so  to  say,  the  torpid 
evolution  of  chronic  tuberculosis. 

An  acute  process  may  become  chronic  without  the  production  of  1 
any  notable  changes.    It  stops  at  a  given  moment  of  its  coune;  j 
This  may  occiu*  at  the  moment  of  aggravation  as  well  as  at  the  time  ^ 
of  improvement  of  the  disease.    The  violent  manifestations  subside, 
the  reactions  and  pains  cease,  and  in  certain  cases  the  symptoms  aie 
so  sUght  as  to  lead  the  patient  to  the  beUef  that  he  is  cured.  Dhh 
trations  abound.    They  are  drawn  mostly  from  cases  of  non-spedfc 
infections,  mainly  inflammations  of  organs — e.  g,j  enteritis,  nephritic  . 
and  cystitis,  which  gradually  pass  into  a  chronic  condition;  also  ; 
various  commonplace  or  specific  suppurations.    Gonorrheal  ure- 
thritis, for  instance,  is  thus  transformed,  and  often  persist^  during  i 
an  entire  lifetime,  occasioning  no  disturbance,  and  unknown  even 
to  the  patient.    Finally,  of  the  specific  infections,  we  must  especially  i 
mention  tuberculosis,  which,  after  an  acute  attack,  may  follow* 
slow  evolution. 

In  order  to  more  closely  study  the  evolution  of  chronic  leaoDS 
let  us  consider  an  abscess  somewhat  deeply  situated.  In  its  develc^h 
ment  it  produces  various  distin-bances;  then,  when  it  is  opened 
to  the  exterior,  the  symptoms  cease.  Suppin-ation,  which  isatfirat 
very  abimdant,  diminishes  progressively.  An  early  recover)^  maybe 
expected.  At  a  certain  moment,  however,  improvement  is  arrested, 
and  a  fistula  discharging  a  seropurulent  fluid  is  established.  There 
is  no  longer  any  general  or  local  reaction.  This  lesion,  which  be- 
comes chronic,  is  borne  by  the  organism  without  any  apparent 
inconvenience.  However,  at  the  moment  when  chronicity  is  estab- 
lished, the  discharge  undergoes  some  modifications.  It  loses  its 
freely  purulent  character;  it  becomes  more  serous  and  more  mucoid, 
and  at  the  same  time  the  microbes  diminish  in  number  and  ^^nllence. 
Failure  to  recover  in  such  instances  is  often  due  to  the  presence  of  a 
foreign  body,  a  spUnter,  or  a  sequestrum  in  the  focus;  or  else  tbeie 
is  diseased  tissue  at  the  bottom  of  the  fistula.  When  it  is  possible 
to  intervene  and  extirpate  or  remove  this  inflammatory  body,  ti^ 
organism  triumphs  over  the  bacteria  and  the  lesion  heals.  Thus 
foreign  bodies,  although  absolutely  harmless  when  they  are  aseptic^ 
maintain  an  infection  which  would  be  cured  in  their  absence.  T^ 
is  a  remarkable  example  of  pathogenic  association. 

The  microbe,  although  attenuated,  is  not  absolutely  inoffenave 
in  such  chronic  conditions.     It  seems  even  that  its  feeble  pathogpiufi 


EVOLUTION  OF  INFECTIOUS  DISEASES.  533 

potency  depends  mainly  upon  some  protective  power  exerted  by  the 
iraU  of  the  morbid  focus.  Chauveau  has  shown  that  the  pus  of  a 
Kton  which  produces  no  disturbance  is  virulent.  If  a  particle  of 
it  be  inoculated  into  another  point  of  the  economy,  disturbances 
are  produced.    The  pus  was  endured  only  in  its  old  focus. 

In  cases  of  chronic  suppuration  fistulse  may  from  time  to  time 
become  occluded.  The  subjacent  focus  is  then  filled  with  pus  and 
increases  in  volume;  it  becomes  painful  and  gives  rise  to  fever. 
After  an  artificial  or  natural  opening  the  lesion  resumes  its  slow 
and  chronic  course.  In  other  instances  the  fistula  becomes  closed ; 
it  appears  to  be  healed,  as  no  symptom  is  any  longer  apparent. 
For  months  or  years  the  lesion  gives  rise  to  no  disturbance  whatever ; 
then  the  focus,  which  seemed  extinguished,  is  again  kindled  and  a 
new  attack  is  produced.  Such  a  course  is  produced  especially  in 
cases  of  osteomyeUtis,  where  a  sequestrum  may  give  rise  to  very 
tardy  disturbances  at  considerable  intervals.  The  microbe  slumbers 
for  years  as  an  absolutely  inoffensive  guest.  An  occasional,  often 
onnoticeable,  cause  enables  it  to  recover  a  certain  degree  of  viru- 
lence and  to  arouse  inflairmiatory  reactions. 

A  similar  evolution  is  sometimes  observed  after  typhoid  fever. 
This  disease  never  passes  into  a  chronic  state,  but  the  microbe  that 
causes  it  may  become  localized  at  certain  points,  notably  in  the 
bone-marrow,  and  thus  call  forth  a  slow  inflammation  which  termi- 
Dates,  after  several  months,  in  a  focus  of  osteomyeUtis.  Bacterio- 
fcjgical  examination  demonstrates  the  presence  of  Eberth's  bacillus 
therein.  In  this  case  the  acute  disease  ends  in  a  chronic  process 
sprite  different  from  what  it  had  originally  been. 

We  can  find  highly  interesting  illustrations  in  the  history  of  ulcers, 
let  us  consider,  for  example,  the  varicose  ulcer.  A  sUght  lesion,  an 
^'bficess,  a  pustule,  a  simple  abrasion  having  induced  an  infection 
80  mild  that  no  sjrmptom  is  produced,  and  the  existence  of  which  we 
*dniit  simply  by  induction,  is  the  starting  point.  Reparation  is  not 
tfected  because  the  tissues  were  altered.  Their  nutrition  was  pro- 
foundly disturbed  by  the  varicose  condition  of  the  veins.  The  skin 
kad  become  hard,  brownish,  and  sometimes  the  seat  of  eczema. 
Hierefore,  the  little  lesion  sufficed  to  produce  a  chronic  affection  in 
he  suffering  tissue.  The  same  explanation  is  applicable  to  ulcer- 
ting  dermosynovitis.  This  is  a  trophic  lesion  induced  by  an  ordi- 
ary  cause  or  a  slight  infection,  and  it  develops  and  persists  because 
itrition  is  profoundly  disturbed  by  nervous  lesions. 
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Experimentation  confirms  the  data  of  clinical  observation  hj 
demonstrating  that  section  of  sensory  nerves  hinders  considerabljr 
the  process  of  repair.  For  example,  division  of  the  sciatic  myt 
in  a  guinea-pig  is  often  followed  by  ulcerations  in  the  foot  operated 
upon ;  but  if  care  be  taken  to  protect  the  limb  by  means  of  a  sort 
of  plaster  shoe,  infection  is  prevented,  and  no  nutritive  disturbance 
appears. 

The  same  is  true  of  ulcers  of  mucous  membranes.  A  commott- 
place  lesion,  in  most  cases  of  hifectious  origin,  may  serve  as  a  starting 
point  for  an  ulcer  of  the  esophagus,  duodenmn,  and  especially  of 
the  stomach.  Ulcer  of  the  stomach  develops  in  hyperchloAydric 
dyspeptics.  The  excess  of  acid  hinders  reparation.  Filhene  htf 
given  an  experimental  demonstration  of  this  pathogenesis:  Two 
rabbits  received  considerable  doses  of  arsenic  subcutaneously.  h 
one  of  them,  kept  as  a  control,  gastric  ulcers  developed;  in  another, 
to  which  bicarbonate  of  soda  was  administered  to  neutraliathe 
gastric  juice,  no  lesion  was  produced. 

Although  the  organism  plays  a  very  important  part  in  the  develop* 
ment  of  ulcers,  we  must  recognize  that  the  lesion  is  sometiinei 
dependent  upon  the  nature  of  the  pathogenic  agent,  its  degree  of 
virulence,  and  the  point  at  which  it  is  developed.  The  ulcerations 
of  tuberculosis,  glanders,  and  syphilis  and  phagedenic  lesions  belong 
to  this  group.  The  influence  of  the  organism,  without  being  abso- 
lutely null,  is  in  such  cases  considerably  reduced. 

An  acute  lesion  may  pass  into  a  chronic  state  under  a  form  rela- 
tively favorable,  namely,  induralion.  In  such  instances  the  organism 
succeeds  in  completely  destroying  the  pathogenic  agent,  but  the 
ulcerations  produced  are  too  profound  to  admit  of  perfect  reparation. 
The  tissue,  instead  of  returning  to  its  primary  condition,  is  replaced 
by  a  newly  formed  fibrous  production.  This  termination  is  obsentu 
in  superficial  lesions,  in  certain  abscesses,  and  in  adenopathies;  but 
it  is  particularly  important  in  deeply  situated  tissues  and  organs. 
In  this  manner  cicatrices  are  produced  which,  when  located  in  the 
mucous  membranes,  cause  deformity  and  embarrass  their  normal 
action.  When  located  in  such  passages  as  the  esophagus  or  the 
urethra  they  result  in  stricture ;   in  the  viscera,  such  as  the  heart, 

• 

liver,  or  ki(lne5's,  they  i)roduce  sclerosis.  In  these  cases  the  chronic 
process  differs  completely  from  the  acute.  As  we  have  shown  itt 
treating  of  sclerosis,  the  process  of  repair  remedies  the  first  disturb 
ances,  but  creates  ah inderance  to  the  regular  activity  of  the  organs 
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Ihe  chronic  processes,  the  mechanism  of  which  we  have  indicated 
ove,  imdergo  no  modification  or  evolve  slowly  either  toward 
covery  or  toward  death.  In  both  instances  changes  ending  in  one 
r  the  other  of  these  two  tenninations  are  produced  either  in  an 
ladious  manner,  or  else  the  chronic  course  is  interrupted  by  an 
cute  attack  which  leads,  as  the  case  may  be,  to  recovery  or  to 
eath,  or,  as  a  third  alternative,  leaves  the  organism  in  the  same 
ondition  as  before  its  occurrence. 

Death.  When  an  acute  disease  ends  in  death  the  fatal  termination 
lay  occur  suddenly,  in  an  unexpected  manner,  or  slowly  and  pro- 
ressively,  preceded  by  more  or  less  prolonged  agony.  If  necropsy 
I  performed,  macroscopic  or  microscopic  lesions  are  sometimes 
)und.  In  other  cases  post-mortem  examination  gives  a  negative 
«ilt.  By  taking  into  accoimt  the  various  results  which  may  be 
btained  the  causes  of  death  may  be  divided  into  three  groups: 
Mechanical  disorders  or  barriers.  2.  Lesions  of  an  important 
rgan.  3.  General  infection  or  intoxication. 
As  a  striking  illustration  of  the  mechanism  of  death  by  a  mechan- 
al  cause  we  may  mention  diphtheritic  laryngitis.  The  pseudo- 
iwnbrane  developing  in  the  larynx  emban-asses  the  passage  of  air, 
Qd  may  cause  death,  partly  through  the  reflex  spasm  which  it 
ttites.  Likewise,  a  phlegmon  taking  its  origin  in  certain  regions, 
tty,  by  its  size  or  by  the  edema  surroimding  it,  mechanically  induce 
fatal  termination.  In  these  examples  death  evidently  results  from 
»e  obstacle  created  by  the  lesion,  since  if  the  false  membrane  be 
5tached  or  the  circulation  of  air  be  re-established  through  intubation 
f  tracheotomy ,  or  the  phlegmon  be  opened,  the  disorders  disap}>ear 
^mediately. 

The  local  lesion  which  thus  endangers  life  is  not,  however,  the 
orkof  a  microbe,  but  is  due  to  a  reaction  of  the  organism,  which 
«ms  to  fight  against  itself.  But  if  we  more  closely  investigate 
ie  succession  of  the  phenomena,  we  understand  that  the  organism 
te  produced  a  false  membrane  or  a  purulent  focus  in  order  to  pre- 
^t  general  impregnation.  The  lesion  thus  created  was  designed 
•  circumscribe  the  morbid  process  and  to  oppose  the  penetration 
microbes  or  their  toxins.  The  organism,  however,  is  not  always 
pable  of  proportioning  its  efforts  to  the  work  required.  In  a  good 
my  instances  reaction  exceeds  the  end.  A  microbe  penetrating 
o  the  lungs  induces  an  acute  pulmonary  congestion.  Tlie  vessels 
ite  in  order  to  facilitate  the  escape  of  fluids  and  cells  which  will 
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arrest  the  development  of  the  parasite.  The  reactionary  pbfl 
mena,however,are  often  too  intense, and  may  induce  grave  accide 
In  other  cases  the  microbe  reaches  the  surface  of  the  lungd 
irritates  the  pleura,  which  then  secretes  a  fluid  that  is  otleilB 
excessive  in  amount  as  to  necessitate  surgical  intervention  forj 
evacuation.  Lastly,  in  certain  instances  reaction  is  not  too  si 
It  is  truly  beneficial,  but  it  is  produced  in  particularly  delid 
locaUties,  and  for  that  reason  may  prove  dangerous.  Such,! 
example,  are  congestion,  edema,  and  abscess  produced  in  the  h 
Under  these  various  conditions  the  organism  endeavors  to  remedyB 
inmiediate  disorders,  but  it  mobilizes  too  great  a  number  of  a 
pvea  issue  to  an  excessive  amount  of  fluid. 

Under  such  cucun^tances,  therefore,  therapeutic  measures b1 
be  directed  to  the  organism  itself,  so  as  to  moderate  the  n 
reaction  and  check  the  intense  congestion  which  threatens  tod 
rise  to  ftsphjTcia  by  reason  of  its  intensity.  In  other  instaneea,* 
the  contrary,  we  must  assist  the  organism  in  its  efforts  to  acconipT 
that  part  of  its  work  which  it  is  unable  to  do  alone.  Puncture  d 
pleural  collection  or  the  evacuation  of  a  cerebral  abscess  ifl  B 
medication  against  nature,  but  a  complementary  method  aidiugthe  ' 
insufficiency  of  natural  means. 

As  morbid  reactions  may,  on  the  one  hand,  endanger  life  by  tbeir 
excessive  intensity,  on  the  other,  tiieir  insufficiency  may  be  a  nef 
cause  of  disorders.  When  a  microbe  develops  it  gives  rise  to  sub- 
stances which  destroy  the  surrounding  cells.  The  destroyed  ele- 
ments are  liquefied  and,  when  possible,  thrown  out.  When  the 
organism  fails  to  remedy  the  imminent  accidents  by  the  varioifi 
means  at  its  disposal,  notably  through  the  accumulation  of  waniifJ- 
ing  cells,  or  if  the  leucocytes  be  killed  as  they  arrive  at  the  point  of 
invasion,  a  more  or  less  complete  destruction  of  the  affected  tissue 
will  result.  Gradually  extending,  necrobiosis  may  reach  a  ^'essflp 
and,  if  the  course  of  the  process  is  rapid,  a  grave  or  fatal  hemorrhage 
occurs  before  a  clot  is  formed.  In  other  cases  an  important  cavity 
is  opened.  For  instance,  the  wall  of  the  intestine  maj'  be  perforstwl. 
In  these  various  instances  lesions  which  are  apparently  suffiwO* 
to  account  for  death  are  revealed  by  the  necropsy. 

As  a  result  of  anatomico-pathological  discoveries  we  have  becoiw 
so  accustomed  to  attach  an  exaggerated  import-ance  to  anatotmc^ 
lesions  that  om-  minds  are  satisfied  when  the  necropsy  detects  i 
morbid  focus  in  some  important  organ.    I^t  us  take,  for  example, 
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the  case  of  a  child  dead  of  measles.  During  life  a  murmur  was 
foimd  at  the  base  of  one  lung,  and  on  opening  the  cadaver  a  focus 
of  bronchopneumonia  is  discovered  at  this  pomt.  The  mechanism 
of  death  in  this  instance  appears  to  be  readily  conceivable ;  yet 
(m  a  little  reflection,  it  will  be  acknowledged  that  it  is  hardly 
possible  to  attribute  the  fatal  termination  to  a  lesion  so  small  as  not 
to  hinder  hematosis  to  any  great  degree.  The  same  reasoning  is 
H)pliciJ[)le  to  other  organs  as  well  in  those  cases  in  which  multiple 
lesions  are  foimd.  In  acute  miUary  tuberculosis,  when  the  tubercles 
have  iavaded  the  serous  system  only,  why  has  the  individual  died? 
Pushing  the  question  further,  it  may  be  asked:  Why  has  he  suc- 
cumbed even  when  the  multiple  granules  have  invaded  the  viscera? 
There  generally  remains  sufficient  intact  parenchyma  to  assure  the 
function  of  the  organ.  It  is  here  that  modern  science  intervenes 
ttd  rightly  proclaims  the  r61e  of  toxins  secreted  in  the  diseased 
organs  and  leads  to  the  admission  that  death  is  due  to  poisoning. 
This  interpretation  is  confirmed  by  those  cases  in  which  no  manifest 
lesions  are  revealed  by  the  necropsy. 

Let  us  suppose  an  incUvidual  succumbing  to  anthrax.  The  blood 
is  disintegrated,  dark,  and  sticky,  and  the  spleen  is  volimiinous  and 
the  other  viscera  congested.  At  times  small  visceral  ecchjnnoses 
only  are  met  with.  This  is  evidently  somewhat  disappointing.  On 
^^ounining,  however,  a  drop  of  the  blood  or  a  particle  of  the  organs 
tinder  the  microscope,  inniunerable  bacilli  are  observed,  and  thus 
«ome  light  is  shed  on  the  problem.  Death  is  due  to  general  infection. 
Tonssaint  used  to  say  it  was  due  to  an  obstruction  of  the  capillaries 
ky  the  bacilU.  But  this  invasion  and  dissemination  of  the  foreign 
elements  does  not  seem  to  be  sufficient  to  explain  the  fatal  termin- 
ation. It  is  neither  by  crowding  the  vessels  nor  by  abstraction  of 
oxygen  or  of  the  materials  necessary  for  cellular  renovation  that  the 
o^cteria  have  destroyed  life,  but  by  secreting  soluble  substances 
^pable  of  disturbing  the  activity  of  the  cells. 

Tliis  interpretation,  which  may  seem  contestable  as  regards 
^thrax,  is  the  only  one  admissible  in  reference  to  those  diseases  the 
Pathogenic  agent  of  which  is  localized  at  a  certain  point  of  the 
^'ganism.  In  diphtheria,  gaseous  gangrene,  and  cholera  the  microbes 
"0  not  invade  the  economy.  They  remain  localized  at  a  point  or 
confined  to  the  digestive  canal.  Death  cannot,  therefore,  be  attri- 
buted to  any  other  cause  than  the  soluble  substances  engendered  by 
fte  micro-organisms. 


538  INFECTIO  US  DISEASES. 

It  is  not  enough,  however,  to  say  that  death  is  the  result 
intoxication.  We  must  endeavor  to  indicate  more  accuratel 
mechanism  of  a  fatal  termination.  In  certain  cases  lesions  are : 
which  of  themselves  would  be  sufficient  to  endanger  life, 
example,  the  autopsy  reveals  degeneration  of  the  liver  and  kic 
myocarditis,  or  hemorrhages  of  the  suprarenal  capsules.  Qic 
analjrsis  shows  the  diminution  or  even  the  absence  of  glycogen 
liver,  and  microscopical  examination  demonstrates  the  presei 
cellular  lesions  in  most  of  the  organs.  It  may  then  be  asked  wi 
these  multiform  alterations  have  not  played  a  part  in  bringing 
the  final  result  and  whether  the  autointoxication  arising  from  oi 
insufficiency  has  not  been  added  to  the  microbic  intoxication, 
however,  would  only  displace  the  problem,  for  it  is  at  all  event* 
recognized  that  the  cellular  lesions  are,  in  certain  cases,  too  li 
to  exert  a  notable  influence.  We  are  thus  brought  again  to 
a  toxic  action.  This  action,  however,  is  not  inunediate. 
microbic  poisons  do  not  kill  rapidly,  but  a  certain  length  ol 
elapses  between  the  moment  of  their  introduction  and  the  ii 
wlien  the  first  responsive  manifestations  appear.  Instead  of  ai 
arresting  the  nutritive  activity  which  essentially  characterise 
the  microbic  toxins  distm-b  nutrition  by  adulterating  the  interce 
medium.  Whether  the  poison  itself  modifies  this  medium,  or  wl 
the  secondary  products  originating  imder  the  influence  of  the  1 
act  as  a  ferment,  is  a  matter  of  little  importance.  WhsA 
imi)ortant  fact,  however,  is  that  even  when  a  fatal  dose  is  at 
introduced  into  a  vein,  the  animal  dies  only  after  the  lap 
several  hours.  This  means  that  a  whole  series  of  secondary : 
fications  are  produced  through  the  influence  of  the  toxin. 

We  are  thus  led  to  consider  not  the  total  death,  but  the  indi^ 
death  of  the  parts  of  the  organism — i,  e.,  of  the  cells.  It  niig 
supposed  that,  under  the  mfluence  of  toxins,  nutrition  is  e( 
perverted  in  all  j)arts  of  the  organism;  but  such  a  concept 
hardly  admissible.  The  cells  are  disturbed  according  to  a 
determined  order — those  performing  the  highest  function 
affected  first.  The  nerve  cells  occup)''  the  highest  position 
experimentation  in  accordance  with  cUnical  facts  shows  tha 
upon  them  that  the  deleterious  action  of  toxins  is  in  most 
exerted.  The  dynamic  state  of  the  ner\^e  cells  being  thus  mo 
it  is  comprehensible  that  an  occasional  cause,  by  producing  ii 
an  abnormal  agitation,  may  induce  sudden  or  speedy  death. 
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rise,  the  fatal  tennination  supervenes  gradually  as  the  result  of 
progressive  weakening  of  metabolism.  In  order  to  admit  these 
different  conceptions  without  reservation  we  should  be  exactly 
infonned  as  to  the  functional  state  of  the  various  parts  of  the 
organism  at  the  moment  of  death.  Here  is  a  most  difficult  question 
vhich  has  not  as  yet  been  the  subject  of  experimental  studies. 

In  brief,  death  as  a  result  of  infection  is  death  from  intoxication. 
Tie  microbic  poisons  accimiulate  in  the  organism  and  hinder  or 
prevent  normal  cellular  life.  Possibly  they  act  by  forming  combina- 
tions with  the  cellular  protoplasm.  It  is  more  probable,  however, 
that  they  affect  the  cells  by  adulterating  the  intercellular  medium. 
The  result  is  a  series  of  functional  disturbances  which  cause  death, 
and  at  the  necropsy  no  lesion,  or  almost  none,  is  found  even  under 
the  microscope.  If  lesions  are  met  with  they  are  too  small  to 
account  for  the  fatal  termination.  If  life  is  prolonged,  however, 
functional  disorders  induce  anatomical  modifications.  Thus  im- 
portant cellular  lesions  are  secondarily  produced  which  play  an 
important  r61e  in  the  mechanism  of  deferred  death.  Here,  however, 
Ihe  question  is  no  longer  one  of  infection,  but  of  organic  lesions 
evolving  on  their  own  accoimt  and  deriving  no  particular  character 
from  their  origin. 

It  is  well  here  to  call  attention  to  a  mode  of  termination  which  is 
'K)t  rare  in  young  children  and  the  aged.  The  patients  recover 
from  their  infection  and  seem  to  be  entmng  upon  convalescence. 
Sttch  is  not  the  case,  however;  general  debility  rapidly  progresses, 
ttid  emaciation  becomes  more  pronounced  day  after  day.  Then  the 
Intelligence  becomes  dull;  eschars  make  their  appearance,  and  at 
-unes  slight  fever  manifests  itself  in  the  evening.  After  a  period 
rf  time,  varying  from  eight  to  fifteen  days,  death  supervenes  without 
^y  other  symptom,  as  a  result  of  post-infectious  cachexia.  Such 
^  evolution  is  observed  after  erysipelas.  We  may,  in  this  con- 
ation, report  the  case  of  a  man,  sixty  years  of  age,  who  entered  our 
lospital  for  an  erysipelas  of  the  face  on  the  twentieth  day  of  its 
Solution.  On  the  day  of  admission  his  cutaneous  inflammation 
•till  occupied  the  nose,  forehead,  cheeks,  eyelids  and  scalp.  The 
cniperature  was  103.5°  F.  (39.8°  C),  accompanied  by  slight  delirium. 
He  urine  contained  no  albimiin,  the  liver  was  not  swollen.  Two 
lays  after  the  temperature  fell  to  101.7°  F.  (38.5°  C),  and  five  days 
fter  his  admission  it  returned  to  normal.  He  seemed  to  have 
Jcovered  from  the  erysipelas,  but  his  general  state  remained  quite 
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uDBatitfaetory-    The   temperature    continued   to    fluctuate  ab 
98.S°  P.  (37*  C),  and  he  was  becoming  cachectic  quite  rapidly,  J 
thirteen  days  after  his  admission  he  died.    For  the  last  eight  di 
hia  temperatlirt>  had  been  normal,  and  on  the  day  of  death  it  i 
only  98.6°  F.  (9&.G*  C).    The  necropBy  revealed  no  efpedal  len 
capable  of  explaining  ^m  fatal  tenninatacni.    The  Ixmgs,  partieuhii 
the  ri^t  lung,  were  ocmgeeted  at  the  baaes.    The  heart  pretraited 
ali^t  fatty  condition.    The  mitral  valve  waa  thickened,  the  aort 
ali^tiy  dilated  and  atheromatoua.    The  ktdneyB  vere  abo  nr 
rounded  with  a  thick  layer  ai  fat.    The  liver  [sreBented  the  eoki 
of  diamoifl  leather,  and  cm  section,  violet.    Tbe  wea^t  of  all  thea 
organs  was  less  than  normal.    Ihe  cause  of  this  post-infediori 
cachexia  is  probably  duu-geable  to  a  jowiouB  insuffitaHH^  of  tt^ 
organs  concerned  in  the  inotectiOn  of  the  organism  against  infedki^ 
notably  the  kidneys  and  the  hver.    llie  toxins  elaborated  bf  t^ 
pathogenic  microbe  are  not  destroyed  or  eliminated  with  grat^ii 
n^idity ;  hence  inqn^nation  is  more  profound  than  is  indiap 
by  the  benign  character  of  the  infectious  lesion,  and  its  efieeto  III 
tinue  after  apparent  recovery.     The  mtuation  is  the  same  m$ 
certain  animals  brutally  inoculated  with  alaige  doee  of  anattcmij 
microbe.    If  the  microbe  is  fai^y  virulmt,  the  annnal  tfiw^ 
an  acute  septicemia.    If  moderately  virulent,  it  is  deetR>yBd,i 
the  toxins  which  are  introduced  with  the  pathogenic  agoA 
those  which  are  elaborated  by  it  within  the  organism  contanne 
action  and  give  rise  to  a  fatal  cachexia.    Hiis  is  what  hsi 
notably  with  the  streptococcus.    In  fact,  we  have  shown  that 
venous  injection  of  attenuated  cultures  seems  to  produce  no 
toms,  and  then,  after  a  few  days,  the  animals  grow  thin  and  si 
in  from  fifteen  to  twenty  or  thirty  days  after  the  inoculati< 
state  of  an  extraordinary  degree  of  cachexia  and  emaciatj 
this  moment  the  microbe  has  disappeared  from  the  orgai 
cultures  made  from  the  organs  remain  sterile. 
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THE  CONSEQUENCES  OF  INFECTION. 

Apparent  and  Real  Recovery.  Reparation  of  Traumatic  Lesions  and  of  Toxic-infectious 
Lesions.  Comparison  between  These  Two  Processes.  Causes  of  the  Differences. 
Post-infectious  ^^soeropathies.  Their  Mechanism.  Their  Evolution.  Epithelial 
and  Interstitial  'Msceropathies.  Importance  of  Visceral  Scleroses.  Significance  of 
Scleroses. 

Can  an  infection   be   cured   completely?    The  disease   having 
terminated,  can  the  organism  retm*n  to  its  former  state?    Can  all 
the  disorders  that  were  produced  disappear  and  all  the  lesions  be 
repaired?    From  a  practical  standpoint  there  is  no  doubt  as  to  the 
answer  to  this  question.    After  an  infection,  even  though  it  be  grave 
or  prolonged,  health  is  re-established ;  the  patient  is  conscious  of 
having  returned  to  his  normal  state;  years  may  elapse,  and  life  may 
come  to  an  end  without  the  sUghtest  manifestation  having  been 
observed  which  might  rightly  be  traced  to  the  previous  infection. 
If,  however,  the  question  be  considered  from  a  higher  point  of  view 
a  quite  different  solution  is  reached.    Complete  restoration  of  the 
^nomy  to  its  previous  state  seems  to  us  impossible.    Recovery 
being  due  to  modifications  in  the  fluids  and  the  fluids  being  cellular 
secretions,  it  is,  of  course,  necessary  for  changes  to  be  produced  in 
the  mode  of  life — i.  e.,  in  the  nutrition  of  the  cells,  in  order  that 
the  infection  may  be  overcome.    If  at  all  possible,  the  return  of  the 
organism  to  its  normal  nutritive  mode  is  to  be  gradually  effected. 
WiD  such  be  the  case  in  every  instance?    Observation  teaches  us 
that,  in  a  great  number  of  cases,  nutrition  is  profoundly  and  defi- 
nitely modified.    The  variations  in  the  degree  of  fatness  of  the 
individuals  are,  from  this  standpoint,  quite  demonstrative.    In  some 
cases  obesity,  in  others  an  excessive  emaciation,  is  the  permanent 
result  following  an  infectious  disease.    These  changes  are  readily 
appreciable  after  acute  infections,  such  as  typhoid  fever,  or  even 
after  recovery  from  a  chronic  infection  such  as  tuberculosis.    In 
some  of  these  cases  the  post-infectious  modifications  are  favorable. 
The  infection  having,  so  to  say,  whipped  the  organism  to  greater 
activity,  improves  the  health,  with  the  result  that  certain  ill-deter- 
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mined  disturbances,  often  attributed  to  diathetic  conditions,  dkh 
appear,  and  previous  chronic,  notably  nervous,  affections  are  curei 
The  reverse  effect,  however,  is  unfortunately  more  frequent.  Tic 
acute  disease  often  proves  to  be  the  occasional  cause  of  a  series  of 
consecutive  disturbances  and  various  neuroses.  In  certain  cases  the 
consequences  of  infection  are  so  pronounced  as  to  be  noticeable 
even  by  the  most  superficial  observers.  Not  infrequently,  however,  j 
they  easily  escape  notice  and  are  very  difficult  of  interpretation. 
As  a  matter  of  fact,  these  consecutive  changes  are  sometimes  so 
slight  that  we  are  compelled  to  assume  their  existence  by  induction 
rather  than  by  observation .  Moreover,  they  may  make  their  appear- 
ance very  tardily;  months  and  years  elapse,  and  when  symptoms 
become  apparent  after  such  long  periods  some  hesitation  is  felt 
in  connecting  them  with  their  true  cause. 

We  must  now  successively  consider  the  consequences  of  local 
lesions  produced  by  toxins  and  general  disturbances  which  may 
develop  under  their  influence.  The  local  action  of  toxins  is  ex- 
pressed, as  is  known,  by  degenerations  or  cellular  necrobioses.  Tlie 
most  clearly  differentiated  elements,  which  perform  the  hi^vert 
functions  but  which  are  also  the  most  deUcate,  are  first  attacked. 
The  cells  constituting  the  tissues  and  organs  are  not  all  similar. 
All  of  thoni  do  not  have  the  same  force  of  resistance ;  hence,  in  the 
presence  of  the  same  morbific  cause,  they  do  not  all  react  in  the 
same  manner.  Certain  cells  succumb,  while  some  undergo  alter- 
ations, some. remain  intact,  and  still  others  present  evident  signs 
of  excitation  and  may  abundantly  proliferate.  The  ulterior  fate 
of  the  organ  differs  according  to  the  state  of  these  variously  affected 
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cells.    Those  which  have  begun  to  proliferate  may  serve  to  repair 
and  replace  those  which,  being  less  resistant,  have  degenerated  or 
been  killed.    A  perfect  reparation  might,  therefore,  be  expected. 
In  reality,  however,  such  is  not  the  case.    There  is  a  curious  diffe^' 
ence  between  the  reparation  of  traumatic  and  of  infectious  lesion?- 
When  a  part  of  an  organ  is  excised,  complete  restoration  is  possible- 
Let  us  suppose  that  even  a  large  piece  of  the  Uver  is  cut  off.    1^ 
the  experiment  is  well  conducted,  if  infection  is  avoided,  repa>^ 
will  be  effected  and  newly  formed  cellular  tissue  will  fill  up  tl>^ 
deficit.     If,  on  the  contrary,  the  cellular  destruction  is  the  work  C^ 
infection,  reparation  will  not  be  as  complete.     A  gi'eat  number  C^ 
the  diseased  cells  will    be  replaced  not  by  similar  cells,  but  b^ 
sclerotic  tissue.     Microbic  as  well  as  exogenic  poisons  are  capable 
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:>f  exerting  the  same  influence.  If  very  small  doses  of  phosphorus 
are  administered  to  an  animal,  degeneration  of  its  hepatic  cells  is 
produced.  If  the  employment  of  the  poison  is  then  stopped, 
dcatriaation  takes  place — i.  e.,  a  proliferation  of  connective  tissue, 
^ch  replaces  the  dead  cells. 

Not  infrequently,  however,  infection  as  well  as  intoxication 
destroys  only  a  small  number  of  cells.  Their  replacement  would, 
therefore,  seem  easier  than  in  cases  in  which  traumatism  has  caused 
the  disappearance  of  one-fourth  or  one-third  of  the  gland.  Is  it  not 
ibo  known  that  extirpated  organs  have  completely  regenerated 
Tdien  a  small  fragment  had  been  left?  In  such  cases  reproduction 
of  Dearly  all  the  cells  and  of  the  primary  type  has  taken  place, 
although  the  task  of  reparation  seemed  far  more  difficult  than  in 
the  case  in  which  destruction  is  partial  and  disseminated.  This 
iact  proves  that  sclerosis  is  not,  as  might  have  been  believed,  a 
tissue  taking  the  place  of  destroyed  cells.  It  is  necessary  that  this 
destruction  should  present  certain  particular  characters.  This  fact 
may  eventually  be  interpreted  in  several  ways.  The  simplest 
explanation  seems  to  be  the  following:  In  the  case  of  traumatism 
the  excised  cells  are  far  more  numerous,  but  the  remaining  cells  are 
tound;  they  possess  normal  activity;  they  proliferate  and  occupy 
he  place  left  vacant.  On  the  other  hand,  in  the  case  of  infection — 
ttid  what  we  say  of  infection  is  applicable  to  intoxication — the 
oluble  substances  impregnate  the  whole  gland.  Tlie  cells  which 
iiBt  receive  the  poison  or  those  which  are  less  resistant,  degenerate 
>r  are  killed;  others,  although  they  survive  and  are  apparently 
normal,  do  not,  however,  completely  escape  the  influence  of  the 
'iorbific  cause.  Their  activity  is,  therefore,  disturbed,  and,  although 
he  modification  is  not  expressed  by  any  lesion  appreciable  under 
he  microscope,  it  is  safe  to  assume  that  this  modification  is  sufficient 
o  hinder  proliferation.  It  is  thus  conceivable  that  reparation  is 
he  more  difficult  and  incomplete  the  more  profound  is  infection. 
Ve  may  repeat  once  more :  sclerosis  is  produced  not  because  the 
'estroyed  cells  are  too  large  in  number  (infection  never  causes  the 
'i«appearance  of  as  many  of  them  as  does  traumatism),  it  occurs 
*^Dply  because  the  remaining  cells  are  not  normal.  The  same  inter- 
*6tjition  is  applicable  to  those  cases  in  which  the  focus  of  destruction 
^  ''^U  limited.  The  neighboring  cells  are  alone  disturbed,  but  these 
^  precisely  the  cells  which  should  proliferate  and  are  incapable 
^  doing.     It  is,  therefore,  intelligible  that  an  infectious  lesion, 
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however  small,  may  produce  more  extensive  disorders  than  a  far 
more  considerable  traimiatic  lesion.  The  result  is  that  reparatbn 
is  less  perfect. 

If  the  lesion  is  well  localized  and.  not  very  extensive,  the  resultipg 
cicatrices  may  sometimes  produce  no  disturbance.  Such  is  not 
always  the  case,  however,  as  may  be  seen  from  the  frequency  of 
strictures  occurring  in  the  urethra  in  consequence  of  gonorAea. 
This  illustration  elucidates  the  history  of  organic  lesions.  Visc^- 
opathies  have  long  been  considered  as  diseases.  Imbued  with  the 
false  idea  of  morbid  spontaneousness,  physicians  believed  they  had 
solved  the  nosological  problem  when  they  found  a  cardiac,  renal, 
hepatic,  or  cerebral  lesion.  For  instance,  a  mitral  insufficiency  to 
detected,  and  if  rheumatism  was  not  found  in  the  antecedents  of 
the  patient,  no  investigation  was  made  as  to  the  cause  of  the  lesion. 
At  present  we  know  that  every  disease  is  caused  by  an  external 
agent  and  that  visceral  lesions  are  nothing  else  than  the  conse- 
quences of  previous  diseases.  The  process  occurring  in  the  organs, 
though  of  a  more  complex  character,  is  none  the  less  comparable  to 
that  occiuring  in  the  urethra. 

The  pathological  anatomy  of  acute  infections  has  shown  us  that 
cellular  lesions  are  far  more  intense  and  dilTuse  than  was  once 
believed.  The  sj^stematic  study  pursued  in  recent  years  with  regard 
to  the  viscera  and  the  tissues  during  infections  leads  us  to  the 
question  how  any  process  of  repair,  even  incomplete,  is  still  possible. 
It  is  true  that  when  visceral  lesions  are  too  extensive,  death  super- 
venes during  the  acute  stage  of  the  disease,  and  less  frequently  it 
occurs  after  the  process  seems  to  be  at  an  end.  We  have  abeady 
shown  how  the  aged  thus  succumb  to  a  post-infectious  cachexia. 
At  a  less  advanced  stage,  however,  a  return  to  health  seems  to  be 
effected.  The  most  careful  examination  reveals  no  appreciable 
disorder,  and,  for  a  number  of  years,  the  organism  seems  to  have 
returned  to  a  perfectly  sound  state.  Nevertheless,  a  silent  evolution 
is  going  on,  ending  in  visceral  sclerosis.  The  lesion  may  exist  for 
a  very  long  period  of  time  without  being  expressed  by  any  symptom. 
This  is  owing  to  the  fact  that  the  organs  contain  a  far  greater  number 
of  cells  than  is  necessary  for  life.  It  may  be  assumed  that  40  to  50 
per  cent,  of  the  glandular  tissues  may  be  suppressed  without  bringing 
about  any  distui'bance.  One-third  of  the  liver,  a  whole  kidney,  even 
a  whole  lung,  may  be  extirpated  without  great  inconvenience.  It 
is  therefore  intelligible  that  a  visceral  lesion  may  evolve  during  yeais 
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lithout  producing  any  symptom.  The  affection  is  in  a  state  of 
latency,  and  will  be  revealed  later,  either  by  signs  detected  by 
methodic  exploration  or  by  the  fact  that  the  unstable  equilibrium 
of  the  sanitary  condition  resulting  from  the  visceropathy  is  disturbed 
by  some  intercurrent  and  maybe  unimportant  cause.  The  symp- 
toms may  thus  make  their  appearance  suddenly  or  progressively 
on  the  occasion  of  a  cold,  traiunatism,  fatigue,  an  error  of  diet,  or 
anew  infection.  It  must  also  be  remembered  that,  in  certain  cases, 
the  visceral  affection  always  remains  in  a  state  of  latency,  and  will 
be  disclosed  only  at  the  necropsy.  In  other  instances  the  visceral 
affection  is  revealed  in  a  sudden  manner,  causing  sudden  death. 

The  necropsy  in  such  cases  surprises  the  physician  by  revealing 
profound  lesions  which  had  remained  so  long  in  a  state  of  latency 
without  manifesting  any  clinical  disturbances. 

The  organic  affections  which  appear  thus  as  the  consequence 
notably  of  previous  infectious  diseases,  may  be  divided  into  two 
great  classes.  In  one  of  them  epithelial  lesions  predominate ;  in  the 
other,  sclerotic  lesions.  Hence,  the  classical  division  of  affections 
into  parenchymatous  and  interstitial,  a  division  which  seems  to  be 
justified  both  by  clinical  observation  and  pathological  anatomy.  On 
investigating,  however,  the  causes  which  have  led  to  the  develop- 
n^ent  of  these  two  distinct  processes,  we  find  the  same  etiology 
*nd  the  same  infections  responsible  for  both  kinds  of  changes. 
Ife  are  thus  led  to  the  idea  that  visceral  lesions  are  everywhere  and 
always  at  first  characterized  by  a  diffuse  inflammation,  and  this 
•dea  finds  a  solid  basis  in  anatomico-pathological  studies.  In  view 
rfthe  facts  hitherto  reported,  we  reach  the  conclusion  that  microbic 
^xins  first  give  rise  to  epithelial  degeneration,  which  is  soon  followed 
>y  inflammatory,  epithelial,  and  interstitial  reactions.  At  this 
Jttoment  the  process  is  diffuse.  Later,  when  the  acute  phenomena 
^ve  passed,  a  chronic  evolution  takes  place  in  either  direction. 
^De  of  the  elements  predominates,  and  the  result  of  the  processes 
*hich  were  at  first  identical,  is  either  a  parenchymatous  or  a  sclerotic 
inflammation.  It  is  more  difficult  to  determine  the  causes  which 
ttrtervene  and  direct  the  anatomical  evolution.  Two  factors,  as 
^ys,  may  be  admitted:  the  toxins  induce  degenerative  o''  simply 
irritative  lesions — i.e.,  cause  the  death  of  the  highly  organized  cells  or 
Simulate  the  proliferation,  according  to  (a)  the  degree  of  resistance 
rf  the  subject,  or  (6)  the  degree  of  activity  of  the  microbe.  It  is 
onceivable  that,  in  the  former  instance,  the  elements  that  are  killed 
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may  not  be  replaced  bj'  any  other  than  connective  tissue, 
latter  case,  on  the  contrary,  the  perishing  cells  are  smaller  in 
and  the  vacancies  left  are  filled  up  by  the  neighboring  c 
activity  of  which  is  increased.  Reparation  would  there 
perfect  if  there  was  only  cellular  hyperactivity.  But  pa 
histology  establishes  that  along  with  this  overactivity  th( 
nutritive  deviation.  In  this  connection  our  researches  con 
the  modifications  of  the  thyroid  gland  are  quite  demons 
We  have  shown  that,  in  the  most  varied  infections,  the  ft 
three  phenomena  are  always  present:  death  of  some  cells  anc 
eration  or  increased  activity  of  certain  others.  In  some  a 
two  last  processes  coexist ;  the  nucleus  is  multiplied  while ' 
toplasm  degenerates.  But  the  modification  of  the  secret 
proves  the  profound  disorder  of  the  cells.  Colloid  matter  ] 
reactions  which  enable  us  to  follow  under  the  microscope  th 
chemical  changes  occurring  m  it.  It  is  very  easy  to  thus  pi 
functional  disturbances.  It  is  therefore  conceivable  that  w 
infection  is  terminated,  three  different  processes  may  ens 
some  cases  degeneration  will  predominate,  in  others  proli 
overactivity,  and  in  still  other  cases  sclerosis  will  replace  t 
elements.  In  the  last  instance  the  process  has  been  too 
the  cells  in  the  neighborhood  of  those  that  have  succum 
themselves  too  much  affected  to  proliferate  and  occupy  thei 
Sclerosis,  therefore,  seems  to  us  to  be  the  termination  of 
extensive,  or  prolonged  inflammatory  processes.  Let  us  agi 
urethral  stricture  as  an  example.  In  cases  of  gonorrhea  o( 
only  once  and  having  l)eeii  rapidly  cured,  stricture  is  exce 
The  cells  adjacent  to  those  destroyed  have  succeeded  in  tal 
place  of  th(»  dead.  In  gonorrheas  of  long  duration  strictun 
rule,  since  the  cells  destroyed  are  too  large  in  number,  an 
surrounding  tlieni  are  too  deeply  affected  to  establish  norm 
tions.  A  cicatrix,  that  is,  sclerotic  tissue,  is,  therefore,  prod 
The  sclerotic  tissue  destined  to  fill  up  the  vacancies  left 
dead  cells  must  be  considered  as  a  tissue  of  replacement.  V 
it  be  developed,  a.s  is  generally  held  to  be  the  case,  at  the  ( 
of  the  cells  of  connective  tissue,  or  is  progressively  prodi 
hypertrophy  of  pre-existing  fibres,  as  seems  to  be  the  case  in 
instances,  it  is  always  destined  to  remedy  immediate  ac 
This  sufficiently  indicates  that  we  reject  the  existence  of 
scleroses.    The  connective  tissue  alteration  is  always  preced 
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leaion  of  the  more  highly  diflferentiated  elements.    In  other  words, 
daroses  are  always  of  epithelial  origin.    Let  ns  consider  an  organ 
in  which  scleroses  have  often  been  studied,  for  example  the  kidney. 
An  attempt  was  made  to  admit  two  kinds  of  nephrites,  namely, 
epithelial  and  interstitial,  the  latter  indicating  sclerosis  from  the 
fint.   A  special  etiology,  pathogenesis,  and  symptomatology  had 
been  assigned  to  each  of  these  two  affections.    A  change  was  Uttle 
by  little  produced  in  this  conception.    It  was  recognized  that  every 
ease  of  nephritis  begins  in  the  more  highly  organized  elements  and 
ftat  the  process  soon  extends ;  so  that  nephritis  is  primarily  diffuse, 
lod  later  on  evolves  toward  various  anatomico-clinical  types,  the 
two  extremes  of  which  are  represented  by  the  large  white  kidney, 
in  which  the  epithelial  lesions  predominate,  and  by  the  small  red 
kidney,  in  which  the  sclerotic  lesions  prevail.    Thus  are  constituted 
diarply  distinguished  affections  which  must  be  separated  in  ana- 
tomical and  clinical  descriptions.    The  point  of  departiu-e,  however, 
B  the  same  in  all.    The  final  result  differs  because  all  organisms 
lie  not  similar. 
Ik  same  conception  is  appUcable  to  hepatic  cirrhoses.    The 
srifpn  must  be  looked  for  in  a  primary  lesion  of  the  hepatic  or  the 
biliary  cells.    The  idea  of  connecting  atrophic  cirrhosis  with  a 
primary  alteration  of  the  portal  vein,  which  is  still  held  by  some 
KQthorities,  is  based  upon  incomplete  anatomical  study.    It  is  at 
ptesent  demonstrated  that  the  process  is  not  as  systematic  as  was 
ace  believed.    Sclerosis  develops  simultaneously  around  the  portal 
ttid  suprahepatic  veins  and  forms  bands  so  irregular  as  to  defy  all 
topographical  description.    On  the  other  hand,  a  sclerotic  lesion  is 
•ever  seen  to  diffuse  toward  adjacent  parts.    It  is,  therefore,  prob- 
Ne  that  poisons  or  microbes  circulating  in  the  portal  vein  produce 
rimary  alterations  in  the  hepatic  cells.    The  marginal  cells  are 
le  most  profoundly  influenced  and  the  first  to  be  affected ;  next 
te  central  cells,  which  the  blood  reaches  after  passing  through  the 
^nllaries.    Thus  the  topography  of  the  sclerotic  lesions  is  explained, 
i  most  cases  the  venous  alterations  seem  to  be  of  a  secondary 
laracter.    It  must,  however,  be  admitted  that  they  may  some* 
0168  be  primary.    They  may  then  produce  sclerosis,  because  the 
rculatory  disorders  disturb  the  nutrition  of  the  cells.    Even  in 
fise  cases  the  sclerotic  process  is  not  an  irradiation  of  the  peri* 
ilebitis.    It  is  consecutive  to  a  degenerative  alteration  of  the 
patic  cells. 
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It  would  be  easy  to  present  analogous  considerations  in  reference 
to  other  glands  and  various  tissues,  and  thus  show  that  sclerosis  is 
always  designed  to  fill  up  vacancies. 

Sclerosis  of  the  nervous  tissue  seemed,  for  a  tune,  to  be  an  excqh 
tion.  In  reality  there  has  been  an  error  of  interpretation  in  tUi 
matter.  It  is  at  present  known  that  scleroses  of  the  neuroglia  do 
not  enter  into  the  group  of  true  scleroses.  The  neuroglia  does  not 
represent  connective  tissue.  It  is  an  ectodermic  productioD,  i 
nervous  tissue.  It  is  not  strange  if  systematic  lesions  not  obeying 
the  rules  above  reported  are  produced  in  this  tissue.  The  process 
is  a  special  one  quite  different  from  true  or  mesodermic  sclerosis. 

Although  infectious  diseases  influence  the  entire  economy,  the 
lesions  resulting  from  this  influence  must  be  diffuse.  Generaliied 
sclerosis  affecting  the  tissues  and  viscera  are  observed  in  certriB 
instances.  The  ensemble  of  these  facts  is  known  imder  the  name 
of  arteriosclerosis.  With  or  without  good  reason,  a  predominating 
part  is  thus  attributed  to  the  arterial  system  in  the  genesis  of  these 
disorders.  The  conception  is  not  groundless.  The  microbic  toiins 
carried  by  the  blood  current  must  first  impregnate  the  vascohr 
walls.  Even  when  arteriosclerosis  is  generalized,  however,  it  pre- 
dominates at  certain  points.  Hence  a  cardio-aortic,  a  renal,  and  s 
cerebral  sclerosis  have  been  described.  Finally,  in  a  certain  number 
of  cases,  the  process  seems  to  be  different,  although  I  hold  it  to  be 
of  the  same  order;  the  arteries  are  slightly,  if  at  all,  affected; a 
single  viscus  is  injured.  This  single  visceral  sclerosis  must  be 
classed  wdth  multiple  organic  sclerosis.  It  is  always  the  same 
process,  progressing  in  an  identical  manner  and  depending  upon  a 
similar  cause.  It  is  in  all  cases  the  result  of  toxi-infection.  It  is 
intelligible, however,  that  the  morbid  localizations  and  post-infectious 
sequels  may  differ  according  to  the  intensity  of  the  infectious  proces, 
the  responsive  aptitudes,  and  the  inborn  or  acquired  predisposition 
of  the  individual.  This  is  suflBcient  indication  that  we  do  not  class 
visceral  scleroses  with  arteriosclerosis.  We  believe  that  the  two 
orders  of  lesions  progressing  side  by  side  depend  upon  a  coimnon 
cause.  Sclerosis  of  the  arteries  and  that  of  the  ^^scera  are  two 
simultaneous  effects  of  the  same  cause.  The  bond  existing  betveen 
arteriosclerosis  and  \'isceral  scleroses  is  not  one  of  subordination 
of  the  latter  to  the  former.  The  frequency  of  this  associations* 
due  to  the  action  of  the  same  cause  upon  similar  tissues.  To  isolat 
the  arterial  alterations  from  the  entire  process  in  order  to  make  ( 
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these  the  cause  of  \Tsceral  alterations  is  to  make  an  artificial  dis- 
sociation which  is  in  nowise  necessary  for  explaining  the  patho- 
genesis of  these  lesions. 

Scleroses,  whether  arterial  or  visceral,  may  begin  in  childhood 
on  the  occasion  of  a  first  infectious  disease  or  simple  digestive  dis- 
turbances the  importance  of  which  is  just  being  appreciated.  The 
numerous  fermentations  which  so  easily  occur  in  nurslings  produce 
alterations  in  the  entire  organism,  and  may  evidently  become  the 
starting  point  of  a  number  of  organic  affections  the  origin  of  which 
often  remains  imdiscovered.  It  is  conceivable,  however,  that 
scleroses  become  more  frequent  as  the  individual  advances  in  age. 
The  aged  are  almost  always  affected  by  it.  It  is  quite  difficult, 
however,  to  determine  the  part  due  to  the  infection.  Visceral  or 
arterial  scleroses  are  the  termination  of  all  pathogenic  causes  which 
have  acted  upon  the  organism  and  which  are  almost  always  multiple. 
Exogpnic  intoxications  (alcoholism,  saturnism)  and  endogenic  intox- 
ications (autointoxications)  are  superadded  to  infectious  intoxi- 
cations and  give  rise  to  alterations  which  end  in  sclerosis.  The 
organic  lesion  thus  constituted  preserves  no  character  of  its  origin. 
On  the  contrary,  it  acquires  a  perfect  autonomy,  progresses  on  its 
own  account,  and  in  its  turn  engenders  disorders  which  are  always 
tte  same  regardless  of  their  point  of  departure.  This  is  the  reason 
rty  physicians  have  long  beUeved  in  the  existence  of  diseases  of  the 
organs  when  in  reality  they  were  nothing  more  than  organic  affec- 
tions, more  or  less  tardy  consequences  of  previous  diseases. 

It  is  thus  intelligible  that  the  history  of  the  consequences  of 
infections  may  be  at  times  of  greater  importance  than  the  history 
of  the  infections  themselves.  Anything  that  is  known  as  diseases 
<rf  organs  may  be  the  tardy  consequence  of  an  infectious  process. 
Ike  reason  visceropathies  are  not  more  serious  and  frequent  is  that 
the  means  of  defense  and  of  compensation  at  the  disposal  of  the 
wganism  are  extremely  niunerous. 

If  we  consider  in  their  entirety  the  modifications  produced  by 
hrfection  in  organs  and  tissues  we  see  that  it  is  possible  to  classify 
Ihem  under  three  headings :  modifications  expressing  increased  func- 
iooal  activity;  modifications  in  the  structure  of  the  cellular  elements 
Bd  modifications  in  texture — L  e,,  changes  in  their  mutual  ordi- 
ation. 

iDGreased  functional  activity  represents  a  return  of  the  organism 
a  former  state  of  its  evolution.    It  is  a  kind  of  rejuvenation  which 
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is  particularly  appreciable  in  the  bone-marrow,  but  which  is  no  less 
manifest  when  chemical  analysis  is  applied  to  other  tissues.  Infec- 
tion thus  arouses  functions  which  seem  to  be  extinct.  But  this 
favorable  occurrence  is  calculated  to  remedy  inunediate  accidents 
only.  By  adding  the  favorable  and  imfavorable  effects,  we  find  that 
the  latter  exceed.  This  conclusion  suggests  a  practical  consequence. 
Infection  being  so  dangerous,  even  when  slight,  not  so  much  on  its 
own  account  as  by  reason  of  its  remote  consequences,  we  must  be 
extremely  circumspect  in  matters  of  bacteriotherapy.  Even  when 
no  immediate  disturbance  becomes  manifest  we  may  always  suspect 
that  the  injection  of  attenuated  microbes  or  of  toxins  may  be  the 
cause  of  some  tardy  lesions.  This  remark  is  applicable  to  bacterio- 
therapy procedures  as  well  as  to  vaccinations.  We  shall  again  refer 
to  this  method  in  treating  of  the  effects  of  vaccinations. 


CHAPTER  XIX. 
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The  numerous  researches  pursued  upon  the  interesting  subject 
of  the  mechanism  and  predisposition  of  immunity  have  considerably 
elucidated  certain  points  of  this  important  question  of  general 
pathology.  The  results,  however,  have  been  so  unexpected  or  so 
contradictory  as  to  give  rise  to  spirited  controversies.  The  question, 
perhaps,  appears  to  be  more  obscure  than  it  really  is,  for  the  reason 
that  a  simple  formula  has  been  sought  to  explain  complex  facts. 

Immunity  is  the  result  of  multiple  conditions.  Therefore,  ex- 
clusive theories  are  necessarily  insufficient.  Unfortunately  the 
investigation  of  causes  which  explain  the  resistance  to  infections  is 
surroimded  by  great  difficulties,  and  the  explanation  of  experimental 
results  is  but  seldom  satisfactorv. 

Everyone  is  acquainted  with  the  famous  experiment  of  Pasteur, 
who  subjected  a  chicken  to  cold  by  plunging  it  into  water.  The 
chicken,  which  was  until  then  refractory  to  anthrax,  tecanie  sus- 
ceptible to  the  disease.  The  conclusion  that  the  chicken  has  an 
organic  temperature  too  high  to  favor  the  development  of  the 
bacillus  anthracis  seems  evident.  When  this  temperature  is  lowered 
immunity  is  abolished.  The  same  explanation  liolds  good  with  an 
inverse  experiment.  A  frog  is  immune  from  anthrax  infection 
because  its  temperature  is  too  low.  When  this  animal  is  lieat<?d, 
as  was  done  by  Gibier,  it  contracts  the  infection.  These  experi- 
ments appear  to  be  very  simple  and  easy  of  explanation.  In  reality, 
however,  the  facts  are  highly  complex.    AVhen  we  modify  the 
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organic  temperature  of  an  animal  we  create  a  whole  series  of  dis- 
turbances. We  change  the  chemical  state  of  the  fluids  and  tissues; 
we  completely  transform  the  sensibility  of  the  nervous  system,  the 
activity  of  the  circulation,  respiration,  and  nutritive  exchanges. 
We  thus  cause  an  incalculable  number  of  modifications,  and  do  not 
know  which  play  the  most  important  r61e  in  the  final  result.  Tie 
fact  that  the  pigeon,  the  temperature  of  which  is  about  the  same 
as  that  of  the  chicken,  quite  easily  contracts  anthrax  infection, 
proves  that  the  high  temperature  of  the  chicken  is  not  the  cause 
of  its  immunity.  On  the  other  hand,  the  resistance  of  the  frog 
does  not  depend  upon  its  low  temperature,  since,  at  least  during 
sunmier,  the  bacillus  anthracis  readily  develops  at  the  siurounding 
temperature,  and  the  toad,  the  temperature  of  which  is  near  that 
of  the  frog,  does  not  enjoy  the  same  immunity.  Finally,  we  have 
made  the  following  experiments  which  seem  to  us  conclusive: 
Frogs  were  placed  in  an  incubator  for  two  days.  They  were  then 
immersed  in  cold  water  and  inoculated  with  anthrax.  Several  of 
them  succumbed  to  the  infection,  although  their  temperature  had 
fallen  to  its  normal  degree.  It  is,  therefore,  certain  that  by  varying 
the  surrounding  temperature  we  act  upon  the  entire  organism;  ^ 
modify  its  sensitiveness  to  living  microbes  and  toxins,  just  as  we 
modify,  under  similar  conditions,  its  sensitiveness  and  its  resu^tanoe 
to  vegetable  alkaloids.  In  the  latter  instance  there  is  no  question 
of  favoring  or  hindering  the  development  of  the  pathogenic  agent. 
The  result  evidently  depends  upon  dynamic  modifications  of  the 
organism. 

The  cause  of  resistance  and  of  predisposition  must,  therefore,  be 
sought  for  in  the  changes  presented  by  living  beings.  Numerous 
experiments  pursued  in  recent  years  have  shed  light  upon  these 
modifications  of  the  organism.  According  to  some  authorities 
immunity  is  due  to  a  cliemical  state  of  the  fluids  and  tissues^a 
chemical  state  hindering  the  development  of  bacteria,  disturbing 
their  functions,  diminishing  their  virulence,  and  neutralizing  their 
toxins.  This  is  the  germicidal  or  antitoxic  theory.  According  t^ 
others,  immunity  depends  upon  a  dynamic  state  of  the  cells  which 
are  supposedly  capable  of  destroying  the  microbes.  This  is  the 
vital  theory,  the  phagocytic  theory.  These  theories  have  long  been 
and  are  still  being  discussed.  I  have  always  contended  that  bo 
exclusive  opinion  should  be  held  regarding  these  questions. 

Predisposition  and  immunity  are  complex  properties ;  they  are  dus 
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to  multiple  factors,  some  of  which  are  just  becoming  known.  It 
18  evident  from  facts  hitherto  observed  that  immunity  as  well 
as  predisposition  cannot  be  explained  by  an  exclusive  doctrine, 
h  other  words,  it  seems  to  me  useless  to  oppose  these  two  great 
theories  to  each  other.  It  is  better  to  endeavor  to  harmonize  them 
and  to  elucidate  the  relations  existing  between  them.  I  hope  to 
succeed  in  showing  that  the  fluids  play  an  important  r61e  by  weaken- 
ing the  pathogenic  germs  and  by  diminishing  their  resistance.  They 
flius  favor  phagocytosis.  On  the  other  hand,  the  fluids  being  pro- 
ducts of  the  cells,  all  modifications  in  the  organic  fluids  require  a 
previous  modification  in  the  figurate  elements.  Here  is  a  new  point 
of  contact  between  the  so-called  hmnoral  and  celkilar  doctrines 
wliich,  at  first  sight,  appear  so  much  at  variance. 

Action  of  Fluids  upon  Bacteria. 

Sstory.  If  a  certain  amount  of  a  culture  is  injected  into  the 
veins  of  an  animal  and  then  blood  drawn  several  times  from  the 
ttimal,and  microbes  looked  for,  it  is  seen  that  the  number  of  microbes 
nipidly  diminishes.  At  the  end  of  a  few  hours  the  blood  becomes 
sterile.  The  microbes  accumulate  in  the  organs  in  which  they 
v^tate  and  from  which  they  again  invade  the  blood  during  the 
1^  moments  of  life.  This  interesting  result,  pointed  out  by  Fodor^ 
*nd  by  Wyssokowitsch,'  was  confirmed  by  a  great  niunber  of  experi- 
^nters,  and  at  present  seems  to  be  indisputable.    By  what  mechan- 

• 

^sm  does  the  blood  free  itself  of  the  parasites  introduced  into  the 
circulation?  In  a  thesis  vmtten  under  the  inspiration  of  Prof. 
Schmidt  and  defended  in  Dorpat  in  1884,  Grohmann  established 
^t  the  blood  modifies  the  vitalitv  of  microbes  sown  in  it.  The 
^thrax  bacillus  particularly  becomes  thus  attenuated  to  the  point 
of  being  incapable  of  killing  a  rabbit.  The  question  was  taken  up 
'^y  Fodor.  By  introducing  the  bacillus  anthracis  into  the  blood 
^wn  from  a  rabbit  inunediately  after  it  was  killed,  this  author 
found  that  the  number  of  the  bacteria  progressively  diminished, 
subsequently,  after  a  variable  lapse  of  time,  a  few  microbes  which 
had  escaped  the  destructive  action  of  the  blood,  finally  got  the  upper 

*  Fodor.    Die  F&higkeit  des  Blutes  Bacterien  zu  vornichton.    Deutsche  mod.  Wochen- 
•chrift,  1887. 

*  W>'88okowitflch.     Ueber  das  Schicksal  der  in's  Blut  injicirten  Mikroorganismen. 
^ritachrift  f.  Hygiene,  1887. 
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hand  and  succeeded  in  developing.  The  works  of  Fliigge*  and  hv 
disciples,  Nuttal  and  Nissen,  however,  drew  attention  to  this  hi^ 
important  question.  Their  researches  showed  that  various  microba 
when  sown  in  the  blood  undergo  therein  at  first  a  degeneratioD 
clearly  appreciable  by  microscopic  examination.  A  great  many  of 
the  bacteria  are  destroyed,  while  others  persist  and  may  again 
vegetate  at  the  end  of  a  variable  period  of  time. 

The  researches  above  cited,  notwithstanding  their  undoubted 
interest,  are  open  to  some  objections.    It  was  remarked  that  the 
resistance  of  an  animal  is  not  always  related  to  the  germicidal  poier 
of  its  blood.    Thus,  Nuttal  noted  that  the  blood  of  the  rabbit 
exerted  upon  the  anthrax  bacillus  a  more  marked  destructive  action 
than  did  the  blood  of  the  dog.    There  is  yet  a  graver  criticism  to  be 
made.    The  blood  employed  for  the  cultures  contained  figurate 
elements;  hence  it  was  possible  that  the  destruction  of  the  microbes 
was  partly  accomplished  by  the  blood  cells.    Although  the  majority 
of  the  degenerated  bacteria  were  found  outside  the  leucocytes,  it 
might,  nevertheless,  be  supposed  that  the  modification  was  due  to 
some  soluble  substance  derived  from  these  elements.    By  heating 
the  blood  between  122°  and  ISl""  F.  (50°  and  55°  C),  we  see  that  it 
loses  its  germicidal  action,  a  fact  which  may  be  due  to  the  death 
of  the  figurate  elements  as  well  as  to  chemical  modification.    A  very 
ingenious  experiment  of  Petruschk}'',  however,  seemed  to  demon- 
strate that  the  germicidal  action  of  the  fluids  is  real.     By  introducing 
beneath  the  skin  of  frogs  virulent  bacteria,  and  by  protecting  them 
against  the  phagocytes  by  means  of  a  parchment  membrane,  this 
author  found  that  the  microbes  were  attenuated  and  destroyed. 
There  is,  therefore,  no  escape   from   admitting  the  action  of  the 
interstitial  fluids  which  alone  had  been  able  to  diff'ase.     The  expen- 
ments,  liowever,  which  dissipated  all  doubt  are  due  to  Behring*  and 
Bucliner.     These  authors  operated  not  only  with  total  blood,  but 
also  with  serum,  namely,  with  a  fluid  deprived  of  cells,  and  demon- 
strated   tliat   this   fluid   possesses    notable   germicidal    properties. 
Buchner  further  recognized  that  these  properties  diminish  or  disap- 
I)ear  when  the  serum  is  heated  for  an  hour  at  a  temperature  of  131°  If 
(55^  C),  or  when  its  nutritive  power  is  increased  by  the  addition  c 

^  Fliiggc.  Stuilit'ii  liber  Abschwiichung  virulentcr  Bacterien  und  die  erworbr: 
Irninunitat.     Z<Mtsclirift  f.  Hygieno,  1888. 

'  Bchring.  Ueber  die  Ursache  des  Iramunitat  von  Ratten  gegen  Milzbrand.  Ontr 
blatt  f.  klinischc  Medicin,  1888. 
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peptones,  or  by  submitting  the  total  blood  to  a  series  of  con- 
gelations and  meltings,  operations  which  destroy  the  red  blood 
corpuscles  and  liberate  their  contents. 

Stimulated  by  these  works,  a  great  number  of  experimenters  took 
up  the  study  of  the  germicidal  power  of  normal  blood.  It  will  suffice 
to  cite  the  names  of  Fodor,  Buchner,  Behring,  Karlinski,  Stern, 
Hankin,  Ogata,  Jasuhara,  Sanarelli,  Phisalix,  Gioxa,  and  Guarnieri, 
While,  however,  numerous  facts  demonstrated  that  under  normal 
conditions  the  serum  possesses  germicidal  properties,  are  the  latter 
increased  in  vaccinated  animals?  The  majority  of  authors  who 
first  attempted  to  solve  this  question  answered  negatively.  They 
took  ground  on  the  fact  that  microbes  develop  in  bouillon  prepared 
with  the  tissues  of  refractory  animals.  While,  on  the  one  hand, 
Schottelius  noticed  that  the  bacillus  of  swine  erysipelas  vegetates 
with  difficulty  in  culture  media  prepared  with  the  muscles  of  ani- 
mab  which  have  died  of  this  affection,  on  the  other  band.  Bitter 
leached  an  entirely  different  result.  In  all  cases,  however,  the 
tissues  were  submitted  to  some  alteration,  and  we  know  at  present 
Ihat  heating  destroys  the  germicidal  properties  of  albuminoid  sub- 
stances. 

In  order  to  reaUze  a  conclusive  experiment,  it  was  necessary  to 

«tudy  comparatively  the  development  of  microbes  in  the  fluids  of 

iHJrmal  and  of  vaccinated  animals.    A  first  endeavor  in  this  direction 

18  that  of  Metchnikoff,*  who  found  that  the  anthrax  bacillus  was 

Attenuated  in  the  blood  of  vaccinated  sheep;  but  he  experimented 

^th  total  blood,  that  is,  blood  containing  figurate  elements,  and  he 

Attributed  the  effect  which  he  observed  to  the  action  of  the  latter. 

Sometime  later,  Gamaleia  showed   that  during  the  anthrax  fever 

And  the  fourteen  days  following  it  the  aqueous  humor  is  modified. 

If  the  anthrax  bacillus  is  sown  therein  the  microbe  develops  under 

anew  foin  and  loses  part  of  its  virulence.    According  to  this  author, 

however,  this  germicidal  state  is  transitory;  it  disappears  while 

immunity  persists. 

We  then  took  up  the  study  of  the  question  and  cultivated  com- 
paratively microbes  on  the  seriun  of  non-vaccinated  animals  and  of 
animals  vaccinated  either  against  the  bacillus  pyocyaneus,^  or  the 

*  MetchnikofT.    Surratt^nuationdesbact^ridiescharbonneuMvs.    AnnalpHcle  I'lnstitut 
PwBteur,  1887. 

•  Charrin  et  Roger.     Note  aur  le  d^veloppement  des  microb«'s  pathog^iies  dans  le 
s^rum  des  animaux  vaccinas.    Soci^t^  de  biologio,  1889. 
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bacillus  of  sjTnptomatic  anthrax/    In  both  instances  we  observed 
that,  as  a  result  of  vaccination,  the  serum  became  a  bad  culture 
medium  for  the  microbe  against  which  the  animal  was  protected. 
These  results  were  soon  afterward  confirmed  by  Behring  and  Niaseit* 

The  serum  of  vaccinated  animals  a<5ts,  however,  not  only  upon  tbe 
numerical  development  of  microbes,  but  is  capable  also  of  modifying 
the  forms  of  bacteria  which  resist  and  finally  succeed  in  multiplying. 
It  exerts  upon  them  an  agglutinating  action,  modifies  their  functions, 
and  finally,  as  I  have  demonstrated  with  regard  to  the  streptococcus,* 
it  diminishes  their  virulence.  All  these  influences  are  unfavorable 
to  the  microbe  and  may  be  united,  as  was  proposed  by  Bouchard, 
under  the  general  name  of  germicidal  properties.  The  expression 
is  not  taken  in  its  strict  etymologic  sense  ,**  it  may  only  be  opposed  j 
to  that  of  antitoxic  property,  which  is  applied  to  the  discovery  of 
Behring  and  Kitasato.^  As  is  known,  these  authors  demonstrated 
that  the  organism  secretes  antitoxins  capable  of  suppressing  or 
neutralizing  the  action  of  toxins.  The  antitoxic  power,  ^diether 
exercised  upon  the  toxin,  by  destroying  it,  or,  what  is  more  likely, 
upon  the  economy  by  increasing  its  resistance,  completes  the  germ- 
icidal power  in  the  defense  of  the  organism. 

Here,  therefore,  are  a  series  of  facts  showing  that  vaccination 
l^roduces  in  the  organism  a  number  of  chemical  modifications  whidi 
must  play  an  important  r61e  in  its  resistance.  But  a  new  question 
lias  been  raised  by  the  study  of  morbid  predispositions.  Are  the 
germicidal  properties  of  the  fluids  diminished  in  an  animal  in  which 
the  resistance  to  the  virus  is  diminished?  The  experiments  which 
we  have  pursued  upon  this  subject  and  those  published  by  Bakunin 
and  Boccardi,  Bastin,  and  Montuori  enable  us  to  answer  in  the 
affirmative.  Thus,  it  may  be  stated  that  the  germicidal  properties 
of  the  blood  vary  with  the  receptivity  of  the  animals.    They  increase 

^  RogtT.  Xouvellos  recherches  sur  les  propri^t^  microbicides  du  s^rum.  Ibid..  IS90. 
Contribution  a  r6tude  oxpdrimentale  du  charbon  sjinptomatique .  Revue  de  miKieciuie. 
1891. 

^  Ik^hring  an<l  Nisson.     Uebcr  baktcrienfiendliche  Eigcnschaften  verse hiedener  Blut- 
serumarten.     Ein  Beitrag  zur  Immunitatsfrage.     Zeitschrift  f .  Hygiene,  1890. 

*  Roger.  Modification  du  .s6rum  h  la  suite  de  I'drysip^le.  Soci^t^S  de  biologie,  1S90. 
R61e  du  s^^ruin  dans  I'att^nuation  des  virus.  Revue  g6n<5rale  des  science?:.  1S91.  Le 
pouvoir  att^nuant  du  s^rum.     La  presse  m6dicale,  March  4,  1896. 

*  [Antimicrobic  would  be  a  more  comprehen.':ive  expression  than  germicidal.  Trans 
later.] 

*  Itehring  and  Kitasato.  Ueber  das  Zustandekommen  der  Diphterie-Inununitit  van 
der  Tetanu.«*-Immunitat.     Deutsche  med.  Wochenschrift,  1890. 
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lien  the  resistance  of  the  anunals  is  strengthened,  and  vice  verm: 
I!U&  clearly  shows  the  interest  of  the  present  study. 

latnial  Immnmty.  If  the  germicidal  properties  of  the  organic 
fcrids  play  a  real  r61e  in  the  mechanism  of  immunity  they  must  be 
the  more  marked  the  more  resistant  the  animal.  Authors  who  have 
studied  natural  immunity  have  at  times  observed  results  contrary 
to  what  would  logically  be  anticipated.  Nuttal,  for  example, 
noticed  that  the  serum  of  the  rabbit  exerts  a  more  marked  destructive 
action  upon  the  anthrax  bacillus  than  does  the  senun  of  the  dog. 
Here  is  an  absolutely  misleading  fact.  Is  it  not  known  that  the 
dog,  although  Uable  to  contract  anthrax  infection,  is  more  resistant 
than  the  rabbit?  The  experiment  just  noted  was  of  too  great  conse- 
quence to  be  left  imcontrolled.  We,  therefore,  took  up  the  question 
and  found  the  fact  to  be  perfectly  exact.  This  strange  fact  is  true 
not  only  of  anthrax,  but  also  of  symptomatic  anthrax.  The  rabbit 
is  naturally  inunune  from  this  infection,  and  the  guinea-pig  is  very 
aensitive  to  it;  and  yet  the  serum  of  the  guinea-pig  is  far  more 
Bennicidal  than  that  of  the  rabbit.  Experimentation  has  demon- 
strated this  fact,  and  the  conclusions  which  may  be  deduced  there- 
from deserve  to  be  discussed. 

Action  of  Semm  upon  the  Morphology  of  Microbes.    It  does  not 
suffice  to  study  the  numerical  development  of  microbes.    It  is  also 
necessary  to  investigate  what  becomes  of  their  properties  and  estab- 
lish whether  their  development  is  effected  according  to  the  normal 
type.   It  has  aheady  been  stated  that  the  morphology  of  the 
bacillus  anthracis  varies  with  the  serum  in  which  it  develops.     In 
the  guinea-pig  we  find  delicate  regularly  segmented  filaments  as  in 
bouillon.     In  the  rabbit  we  find  rods  either  isolated  or  united  in 
pairs.    In  the  frog,  long  chains  appear  which  are  very  slender  and 
segmented  at  variable  intervals.    These  first  facts,  which  were  con- 
finned  and  completed  by  Pane,  Pernisse,  and  Alessi,  demonstrated 
that  the  development  of  the  anthrax  bacillus  does  not  take  place  in 
a  normal  manner.    But  it  was  of  greater  importance  to  determine 
the  variations  of  virulence  under  these  different  conditions. 
Action  of  Semm  upon  Virulence.    Ogata  and  Jasuhara  have  con- 
ended   that  the  anthrax  bacillus  when  sown  in  the  blood  or  the 
»rum  of  the  frog,  dog,  or  white  rat  loses  its  virulence.    If,  after  two 
r  three  days,  it  is  inoculated  into  a  mouse  the  animal  resists.    The 
atiseptic  power  of  the  blood  of  the  frog  is  so  marked  that  one  drop 
iffices  to  confer  immunity  upon  a  mouse.    The  blood  of  the  dog 
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and  of  the  white  rat  act  similarly,  provided  it  is  employed  in  s 
larger  dose.  The  blood  of  a  calf,  which  is  a  non-refractory  animal, 
remains  without  effect.  Sanarelli,  experimenting  with  the  serum  of 
frogs  freed  of  the  leucocytes,  likewise  noticed  that  the  bacillus  was 
attenuated  in  this  medium  within  three  or  four  days  if  it  was  Sjwru- 
lated,  and  more  rapidly  if  it  was  asporogenic. 

Unfortunately,  all  these  results  have  been  contradicted.  Enderlen, 
Pet-ermann,  and  Roudenko  experimented  with  the  blood  of  dogs  or 
frogs  and  obtained  no  attenuation.  The  action  of  the  senunii 
well  demonstrated  only  in  the  case  of  the  white  rat.  The  question 
seems  to  be  one  of  noxious  effects  exerted  upon  the  microbe  itself, 
since  the  researches  of  Metchnikoff  and  Roux  appear  to  show  that  it 
is  necessary  to  place  the  serum  and  spores  in  contact  in  order  to 
annihilate  the  pathogenic  action  of  the  latter. 

On  the  other  hand,  it  is  not  sufficient  to  study  the  chemism  of  the 
blood.    The  action  of  the  organs  must  also  be  investigated.    As  the    , 
microbes  retire  from  the  blood  current  into  the  viscera  and  tissues, 
in  order  again  to  invade  the  blood  at  the  end  of  life,  we  must  study    : 
the  modifications  which  these  microbes  undergo  in  the  depths  of 
the  economy.    Few  researches  have  been  pursued  in  this  direction, 
and  those  that  have  been  undertaken  with  another  end  by  Fhisalix, 
for  example,  tend  precisely  to  demonstrate  that  microbes  find  in 
certain  tissues  favorable    conditions  which   enable    them  to  resist 
the  germicidal  action  of  the  blood.     This  result  accounts  for  the 
apparent  contraction  between  the  high  germicidal  power  of  the  flmds 
and  the  absence  of  natural  immunity.     Moreover,  in  discussing 
these  researches,  the  fact  that  the  organism  is  not  an  inert  medium 
seems  hardly  ever  to  have  been  considered.     In  fact,  the  organism 
reacts  from  the  very  start  of  the  infection,  at  the  same  time  that  it 
is  subjected  to  the  action  of  microbic  toxins.     Hence,  two  orders  oi 
modifications  take  place.    Some  are  due  to  the  action  of  the  microbes, 
and  probably  reduce  the  means  of  defense;  others  depend  upon 
organic  reactions  and  strengthen  these  means  of  defense. 

In  conclusion  we  would  like  to  say  that,  in  order  to  investigate  in 
a  useful  manner  the  problem  of  natural  immunity,  we  should  pene 
trate  as  completely  as  possible  the  mechanism  of  infection  and  keej 
constantly  in  mind  that  the  various  modes  of  defense  have  only  j 
relative  and  not  an  absolute  value. 
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Acquired  Immiinity. 

«idal  Action  of  the  Serom  of  Vaceinated  AnimalB.  As  has  already 
ated,  after  the  results  of  Nuttal,  which  were  not  perfectly 
trative,  we  undertook  the  study  of  the  modifications  in  the 
of  vaccinated  animals.  Our  first  investigations,  pursued 
•.  Charring  were  made  upon  the  bacillus  pyocyaneus.  Blood 
•om  normal  and  from  vaccinated  animals  was  kept  for  twenty- 
ore,  when  the  serum  was  separated  and  put  in  tubes,  3  cubic 
itres  in  each.  A  very  small  dose,  0.02  c.c.  or  0.002  c.  c.  of 
aeus  culture,  prepared  in  bouillon,  was  then  introduced  into 
es,  which  were  shaken  and  subjected  to  study.  Some  experi- 
j  thought  that  the  germicidal  action  of  the  senmi  under  these 
)ns  depended  simply  upon  the  fact  that  the  culture  made  in 
1  was  transferred  to  a  different  mediimi — i.  e.,  the  serum, 
refore  often  took  our  virus  from  cultures  made  in  normal 
erum.  The  results  were  identical  in  both  instances.  In  fact, 
following  day  it  was  possible  to  clearly  see  with  the  naked  eye 
differences  in  the  mode  and  intensity  of  vegetation  of  the 
5,  according  as  the  culture  was  made  in  normal  serum  or  in 
)btained  from  vaccinated  animals.  The  normal  serum  was 
tely  opaque,  turbid,  and  of  a  bluish-green  color.  It  contained 
occuli  which  increased  in  number  on  the  following  days.  On 
er  hand,  the  serum  of  the  vaccinated  animals  became  but 
^tly  turbid.  The  bacilli  were  united  in  small  masses  float- 
he  fluid.  On  the  following  days  the  development  was  more 
ble,  and  the   differences,  although-  appreciable,  were  less 

• 

1,  however,  the  animal  is  well  vaccinated,  the  cultures  made  in 
m  always  preserve  a  peculiar  appearance.  The  fluid  remains 
nd  the  microbes  are  united  in  small  masses  which  are  scat- 
^hen  the  tube  is  shaken.  Moreover,  while  the  bacillus  gives 
Jue  color  in  normal  serum,  it  produces  no  pigment  in  the 
obtained  from  vaccinated  animals;  the  culture  medium 
3  a  dirty  brown  hue. 

5  first  results  led  the  author  to  study  other  infections  from  this 
f  view,  and  he  experimented  with  the  bacillus  of  sjrmptomatic 


in  and  Roger.    Note  sur  le  d^veloppement  des  microbes  pathogdnes  dans  le 
s  animaux  vaccinas.    Soc.  de  biologie,  1889. 


varying  from  eight  to  twenty-two  days  after  the  test  ini 
their  serum  was  inoculated  comparatively  with  the  sei 
guinea-pigs.  The  smaller  amounts  inoculated  the  men 
the  differences  in  development.  Thus,  when  0.08  c 
of  symptomatic  anthrax  serous  exudate  were  mixed 
serum,  it  was  noticed  on  the  following  day  that  grow 
in  all  the  tubes,  but  was  less  pronounced  in  the  serum  ( 
the  vaccinated  animals.  On  the  second  day  the  dif 
far  more  appreciable.  Even  the  macroscopic  appeal 
that  development  was  far  more  luxuriant  in  the  normal 
was  completely  opaque,  and  microscopic  examinai 
therein  a  far  greater  number  of  bacilli. 

A  short  time  after  our  first  investigations  the  coi 
Behring,  Nissen,  and  Zasslein  appeared,  which  contribui 
facts  to  those  observed  by  us.  Behring  and  Nissen  esl 
vaccination  of  the  guinea-pig  against  Metchnikoff's  v 
to  the  serum  of  this  animal  a  germicidal  power  whicl 
the  normal  state. 

Actioa  of  tb«  Serum  npon  Moipbolog;.  The  modi 
sented  in  the  morphology  of  the  bacillus  anthracis  have 
referred  to  in  connection  with  normal  serum.  The  inl 
serum  of  vaccinated  animals  is  still  more  definite.  Le 
example,  the  cultures  of  the  bacillus  pyocyaneus.  ' 
developing  in  normal  serum  present  nothing  specia 
small  rods  analogous  to  those  observed  in  artificial  c 
habitually  employed  in  bacteriology.    The  appearance 
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them  are  extremely  short,  being  half  as  large  as  a  normal  bacillus ; 
numy  attain,  and  a  few  exceed,  the  normal  length.  In  general,  all 
the  segments  of  the  same  chain  are  nearly  of  the  same  dimensions. 
Some  diplo-bacilli  and  a  few  isolated  ones  are  also  observed.  The 
'l»otoplasm  of  these  elements  does  not  stain  as  well  as  in  the  normal 
state,  and  not  infrequently  some  clear  patches  are  found.  Finally, 
these  elements  manifest  a  remarkable  inclination  to  form  groups, 
aod,  instead  of  swimming  freely  like  normal  bacilli,  they  are  found 
ia  small  masses,  which  accounts  for  the  clotted  appearance  of  the 
cultures.  The  differences  observed  with  symptomatic  anthrax  are 
no  less  marked  from  this  point  of  view. 

ifghitinating  Power  of  Serum.  Cultures  made  in  the  blood  of 
vaccinated  animals  present  a  peculiar  appearance  due  to  the  delay 
of  development  or  to  modifications  imposed  upon  certain  functions. 
At  the  same  time,  however,  an  agglomeration  of  the  figurate  elements 
may  be  observed,  which  imparts  to  the  culture  medium  a  clotted 
appearance  which  is  altogether  characteristic.  In  studying  with 
Dr.  Charrin  the  development  of  the  bacillus  pyocyaneus  in  the  serum 
of  vaccinated  rabbits  we  first  observed  the  agglutinating  power  of 
serums.  We  noted  that  the  microbes,  often  united  in  chains, 
inanifested  a  strong  tendency  to  form  groups,  and,  instead  of  freely 
swimming  like  normal  bacilli,  they  formed  small  masses.  This  fact 
explains  the  appearance  of  the  cultures.  In  fact,  these  remain  clear 
*nd  transparent ;  the  microbes  fall  to  the  bottom  of  the  tube,  where 
they  unite  in  clots.^  Dr.  MetchnikofP  made  similar  observations 
with  the  avicide  vibrio,  then  with  the  microbe  of  pneumonia;  but 
ke  later  recognized  that  this  agglutinating  property  does  not  belong 
to  the  sera  of  all  vaccinated  animals.  It  is  lacking,  for  instance, 
in  animals  inununized  against  the  bacillus  of  hog  cholera.  Gruber* 
took  up  the  question  and  completely  modified  the  method.  He 
introduced  a  new  and  very  simple  procedure  for  determining  whether 
or  not  a  given  serum  was  derived  from  a  vaccinated  animal.  He 
took  a  small  amount  of  culture  and  mixed  it  with  serum  upon  a  slide. 
When  the  senmi  was  derived  from  a  normal  animal  the  microbes 
remained  disseminated;  when  it  was  obtained  from  a  vaccinated 

'  Charrin  and  Roger.     Note  sur  le  d^veloppement  des  rnicrobos  patliogdncs  dan.s  le 
6rum  des  animaux  vaccina.    Soc.  de  biologic,  Nov.  23,  1889. 

*  Metchnikoff.    Etudes  sur  rimmunit^  (4th  memoinO.    Annalos  dc  rin>?titut  Pastour, 
891,  pp.  473,  474.    Etudes  sur  rimmunit^  (5th  niemoire).     Ibid.,  1892,  p.  294. 

•  Gruber.    Theorie  der  aktiven  und  passiven  Immuiutat  gt^gen  Cholera,  Typhus,  und 
'enrandte  Krankheitprozesse.    Munchener  med.  Wochcnsohrift.  1S96,  p.  200. 
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animal  the  microbes  agglomerated  and  agglutinated.    Gruber  ob- 
served this  result  with  the  microbes  of  cholera  and  tjrphoid  fever 
and  noticed  that  the  phenomenon  is  clearer  the  more  intensely  the 
animal  is  immunized.    From  this  time  on  innumerable  contribution 
appeared  upon  the  question  of  agglutination.    The  chief  resulfe 
obtained  may  be  given  in  r6sum4  in  the  following  conclusions: 

The  agglutinating  power  often  exists  in  the  serum  of  nonmJ 
animals.  Horse  serum  agglutinates  the  cholera  vibrio,  the  cokffl 
bacillus,  and  the  typhoid  bacillus.  Likewise  the  sera  of  mort 
animals  agglutinate  the  bacilU  introduced  by  the  first  inoculatioa 
of  anthrax,  independently  of  any  relationship  between  the  intensity 
of  agglutination  and  the  immunity  of  the  animal.  Thus,  accordiDg 
to  Gengou,  the  serum  of  the  rat  agglutinates  in  a  dilution  of  1:10, 
the  serum  of  the  guinea-pig  in  1:20,  that  of  the  dog  in  1:100, 
and  that  of  man  in  1:500.  Man  is  far  more  sensitive  to  anthrax 
than  the  rat,  and  yet  his  serum  is  fifty  times  more  active.  The 
serum  of  the  guinea-pig  and  that  of  the  dog  have  an  almost  equal 
agglutinating  power,  while  the  resistance  of  these  animals  is  quite 
different. 

The  agglutinating  power  appears  not  only  in  vaccinated  animals, 
but  also  in  the  course  of  infections,  and  this  property,  which  is  1 
acquired  also  by  the  blood,  has  been  turned  to  profit  by  Widal  for 
diagnostic  purposes.  As  a  rule,  the  better  the  individual  resists  a 
disease  the  earlier  the  agglutinating  power  appears  and  the  more 
energetic  is  its  action.  The  serum  prognosis  of  P.  Courmont  is 
based  upon  this  fact. 

Tlie  serum  acquires  agglutinating  properties  not  only  with  respect 
to  bacteria,  but  also  as  regards  more  highly  organized  plants,  as  we 
have  sho\^Ti  to  be  the  case,  for  instance,  \sdth  the  fungus  of  aphtha 
(Figs.  11  and  12,  pp.  311,  312).  Finally,  cellular  elements,  such  as 
red  blood  corpuscles,  and  organic  substances,  such  as  casein,  may 
be  agglutinated  as  well  as  microbes.  Animals  which  have  receiv^ 
blood  drawn  from  various  species  yield  a  serum  agglutinating  the 
red  blood  corpuscles  of  the  blood  which  has  been  injected  into  theffi. 
The  result  is  identical  when  milk  is  employed. 

The  agglutinating  reaction  is  specific.  It  is  exercised  only  upon 
the  element  against  which  the  animal  reacts.  This  fact  may  sen'^ 
to  differentiate  microbic  species  and  even  simple  varieties. 

Attenuating  Power  of  Sertun.     We  have  already  stated  that  cer- 
tain streptococci  develop  as  readily  in  the  serum  of  normal  as  iu 
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tiat  of  vaccinated  animals.  In  pursuing  our  researches  we  recog- 
ittied  that  the  numerical  development  was  the  same,  while  the 
pathogenic  properties  were  quite  different.  Take,  for  instance,  two 
cultures  twenty-four  hours  old,  one  prepared  in  normal  serum,  the 
otberin  that  of  a  vaccinated  animal.  If  the  same  amount  of  each  of 
these  cultures  is  injected  beneath  the  skin  of  the  ear  of  two  rabbits, 
the  results  are  foimd  to  be  quite  different.  In  some  instances  the 
eolture  prepared  in  normal  serum  proves  highly  virulent,  and  if  a 
large  dose,  say  sixteen  drops,  is  introduced,  the  animal  dies  within 
two  or  three  days.  The  local  lesion  is  sUght;  a  general  mfection 
takes  place,  as  may  be  proved  by  cultivation  from  the  viscera.  The 
cultures  prepared  in  the  senun  of  the  vaccinated  animal,  under  the 
aaine  conditions  as  in  the  preceding,  give  rise  to  a  local  lesion,  a 
more  or  less  extensive  erysipelas;  but  the  general  state  remains 
good  and  the  animal  rapidly  recovers. 

The  streptococci  thus  acquire  different  properties  according  as 
they  are  developed  in  the  serum  of  normal  or  of  vaccinated  animals. 
In  both  instances  vegetation  is  similar,  but  the  microbes  derived 
from  the  serum  of  the  vaccinated  animal  lose  much  of  their  virulence 
and  become  attenuated.  This  is  an  important  fact  from  the  stand- 
point of  general  pathology. 

It  is  to  be  noted,  however,  that  the  agents  which  develop  in  the 
■erum  of  animals  rendered  refractory  do  not  lose  all  of  their  patho- 
genic power:  there  is  a  reduction  but  not  aboUtion  of  virulence. 
Tliis  is  not  to  be  wondered  at,  since  vaccinated  animals  develop  a 
local  lesion  when  active  microbes  are  inoculated  into  them. 

Hese  remarks  are  applicable  also  to  the  pneumococcus,  which 
likewise  becomes  attenuated  in  the  serum  of  refractory  animals.^ 
Iliis  result  was  confirmed  by  Arkharow.^  The  researches  of  this 
author  were  strongly  criticised  by  Metchnikoff,  in  whose  laboratory 
^investigations  were  pursued.  Therefore,  we  shall  not  dwell  upon 
ttiem.  We  must  mention,  however,  a  very  curious  fact  discovered 
"y  Mosny.  According  to  this  experimenter  the  pneumococcus  lives 
longer  in  the  senun  of  a  vaccinated  than  in  that  of  a  normal  rabbit, 
lliis  fact  has  nothing  paradoxical  about  it.  Dr.  Mosny  himself 
^marks  that  the  microbe  is,  so  to  speak,  in  a  state  of  latent  Ufe  in 

'  Rogpr.    RAle  du  s^nun  dans  I'att^nuation  des  ^•i^us.    Revuo  g6n^rale  des  sciences, 
one  30,  1891. 

*  Aiidiarow.     Gudriaon  de  rinfection  pneumonique  chez  los  lapins.     Archives  de 
fdecine  exp^r.,  July,  1892. 
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the  serum  of  the  vaccinated  animal.  While  the  microbe  does  not 
die,  it  does  not  develop.  It  behaves  as  in  an  unfavorable  medium. 
It  does  not  secrete  the  substances  which  arrest  its  own  vegetation. 

The  attenuating  action  of  senun^was  further  demonstrated  by  the 
experiments  of  Dr.  Courmont.  This  scientist  cultivated  the  staphy- 
lococcus aureus  in  comparative  series  in  the  sera  of  vaccinated  and 
of  normal  animals.  After  several  successive  passages  in  the  tio 
media  he  transferred  the  microbes  to  bouillon,  and  these  last 
cultures  he  employed  for  inoculation.  In  this  manner  he  Avoided 
introducing  therapeutic  senun.  The  virulence  was  preserved  intact 
in  the  normal  serum,  while  it  was  reduced  or  destroyed  in  the  sera 
obtained  from  animals  which  had  been  rendered  refractory.*  Anal- 
ogous researches  pursued  by  Nicolas'  proved  this  conclusion  to  be 
applicable  to  the  bacillus  of  diphtheria.  We  might  also  cite  tiie 
experiments  of  Denys  and  Leclef  with  streptococci  and  tho8e  of 
Babes,  Sternberg,  B^clfere,  Chambon,  and  Menard,  demonstrating 
that  the  virus  of  hydrophobia  and  that  of  vaccinia  lose  their  prq)- 
erties  in  contact  with  the  sera  of  refractory  animals. 

Antitoxic  Properties  of  Seraxns.  As  microbes  act  mostly  by  the 
toxic  substances  which  they  secrete,  it  was  natural  to  investigate 
the  action  of  serum  upon  microbic  products.  We  owe  to  Behring 
and  Kitasato  the  first  experiments  upon  this  question,  experiments 
which  oppened  a  new  route  for  therapeutics.  These  facts  are  at 
present  too  well  knowTi  to  require  long  discussion  in  this  place. 
The  serum  of  an  animal  vaccinated  against  diphtheria  has  but  very 
slight  germicidal  power  (Nicolas),  but  it  possesses  the  far  more 
important  property  of  neutraUzing  the  diphtheritic  toxin.  The 
antitoxic  power  of  the  serum  is  so  marked  that  a  guinea-pig  weighing 
400  grams  is  preserved  against  a  fatal  dose  of  toxin  by  0.008  c.c. 
of  serum.  In  other  words,  1  c.c.  of  serum  preserves  50,000  grams 
of  living  matter.  Such  is  the  strength  of  the  serum  furnished  by 
the  Pasteur  Institute. 

Tetanus  is  comparable  to  diphtheria  in  that  the  microbe  remains 
localized  at  one  point  of  the  organism  and  acts  only  by  its  toidns. 
Its  mode  of  attack  and  the  mode  of  defense  of  the  economy  are 
similar  to  what  occurs  in  diphtheria.     The  serum  of  animals  vacdn- 

1  Courmont.  Siir  los  propri^ti^  bactericides  ou  microbiophiles  du  S45rum  du  Iajhi 
suivant  que  cot  aiiimalc  est  vaccine  contre  le  staphylococjuc  pyogdno  ou  pi^niisiwa^ 
cott<?  infection.     Archives  de  plu'siologie,  January,  1895. 

*  Nicolas.    Pouvoir  bactericide  du  s6nnn  antidiphttVique.     Th6^  dc  Lvon.  lS9o. 
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ited  against  tetanus  is  also  an  antitoxic  serum.  Behring  and 
fitasato,  to  whom  also  this  discovery  is  due^  afiimi  that  this  serum^ 
vfaen  injected  into  animals^  preserves  them  from  tetanuS;  and  may 
even  cure  the  established  disease.  They  assert  that  it  is  possible 
to  save  a  mouse  which  already  manifests  the  characteristic  con- 
trictures.  These  experiments,  however,  repeated  by  Tizzoni  and 
Cattani,  Vaillard,  and  again  by  Kitasato  himself,  gave  negative 
wufts  from  a  therapeutic  standpoint.  Soon  after  Roux  and  Vail- 
laid*  ^owed  that  the  senmi  injected  before  inoculation  preserves 
the  animals.  When  introduced  simultaneously  with  the  toxins,  or 
a  little  after,  it  diminishes  the  intensity  of  the  symptoms  and  permits 
the  development  of  only  a  local  tetanus.  It  is  absolutely  ineflfectual 
when  injected  into  animals  already  presenting  contractures. 

In  a  great  number  of  infections  it  may,  perhaps,  be  possible  to 

preijare,  by  certain  experimental  contrivances,  either  germicidal  or 

intitoxic  sera.    To  this  end  the  methods  of  vaccination  may  be 

varied.    This  has  been  accomplished  by  researches  pursued  with 

ftgard  to  cholera  and  typhoid  fever.    Pfeiffer  obtained  a  gennicidal 

•enim  against  the  vibrio  of  cholera.    The  animals  which  furnished 

this  fluid  received  vibrios  killed  by  means  of  chloroform  fumes  and 

heat  and  increasing  doses  of  living  vibrios.     The  serum  acted 

Hjainst  the    disease  produced    by  intraperitoneal    inoculation  of 

cholera  bacilli,  but  it  failed  when  it  was  tried  upon  animals  inoculated 

tfarou^  the  intestine.    Even  in  cases  of  peritonitis  the  serum  acts 

only  when  it  is  injected  a  short  time  after  inoculation  and  when  the 

<io8e  of  virus  introduced  is  not  too  large.    Pfeiffer,  who  has  made 

a  thorough  study  of  this  question,  has  shown  that  the  serum  should 

he  injected  half  an  hour  after  inoculation  in  order  to  succeed.    It  is 

inert  if  it  is  employed  after  an  hour  and  a  half.    The  same  author 

tttablished  that  ^^  of  a  milligram  of  serum  suffices  to  neutralize 

2  milligrams  of  culture,  but  he  recognized  that  even  a  considerable 

Mnount  of  serum  does  not  protect  against  intraperitoneal  injection 

if  the  dose  of  the  culture  is  greater  than  one  platinum  loopful  per 

100  grams  of  weight  of  animal.    The  fact  is  that  when  the  culture. 

is  introduced  at  the  end  of  a  certain  time  or  in  too  large  amount,  not 

only  the  microbes  introduced,  but  also  the  toxins  elaborated  within 

the  organism  or  contained  in  the  cultiu'e  must  be  taken  into  account. 

The  serum  is  only  germicidal,  it  weakens  and  kills  the  figiu-ate 

'  Roux  and  Vaillard.     O>ntribution  a  T^tude  du  tctaiio:?.     Annales  do  Tlnstitut 
Piafliteur,  February,  1893,  p.  65. 
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elements;  it  is  not  antitoxic,  namely,  it  exerts  no  action  upon  i 
poison  of  cholera.  As  a  matter  of  fact,  Pfeiffer,  Wassermann  a 
Metchnikoflf  have  noted  that  vaccinated  animals  which  are  refractoi 
to  virulent  inoculation  are  as  sensitive  to  the  influence  of  toxins  J 
normal  animals,  or  even  more  sensitive. 

These  results  explain  why  Pfeiffer's  methods  do  not  succeed  mud 
with  man.  In  the  case  of  spontaneous  disease  the  question  is  one 
of  intoxication  rather  than  of  infection.  The  microbe  multiplies  io 
the  intestine,  but  it  is  the  toxins  absorbed  therefrom  which  act,  and 
it  is  precisely  these  toxins  that  are  uninfluenced  by  the  serum. 
Cholera  is,  therefore,  altogether  comparable  to  diphtheria  and 
tetanus.  In  all  three  cases  the  microbes  multiply  at  a  certain  point 
in  the  organism,  and  all  the  sjnnptoms  depend  upon  the  absorption 
of  their  toxins.  Hence,  it  was  natural  to  apply  to  cholera  the 
fundamental  principles  which  guided  Behring  in  the  study  of  dipt 
theria.  This  is  what  was  undertaken  by  Ransom,  one  of  the  discipltf 
of  Behi'ing,  and  by  Drs.  Roux,  Metchnikoff  and  Taurelli-Salimbeni 
These  authors  extracted  from  cholera  cultures  a  very  active  solulA 
poison  against  which  immunity  may  be  conferred  by  operatin( 
progressivelv.  A  serum  is  thus  obtained  which  proves  active  againsi 
choleraic  intoxication  and  meets  clinical  requirements.  It  is  thui 
possible  to  prepare  two  serums  against  cholera :  one  acting  upon  th< 
living  element,  the  other  upon  the  toxin.  The  latter  is  efficacioui 
against  experimental  cholera,  which  maybe  produced  in  yoiuig  rabbit 
by  causing  them  to  swallow  choleraic  cultures.  In  this,  as  in  the  cas* 
of  man,  the  process  is  one  of  vibrionic  intoxication.  In  the  inves 
tigations  of  Metchnikoff,  Roux,  and  TaurelU-Salimbeni,  56  percent 
of  the  animals  experimented  upon  survived,  and  16  per  cent,  of  tb< 
controls.  In  the  same  order  may  be  mentioned  Funck's  researche 
demonstrating  that  the  poison  contained  in  the  protoplasm  of  tb 
typhoid  bacillus  gives  rise  to  the  appearance  of  germicidal  substance 
in  animals.  The  serum  is  very  efficacious  against  infection  by  th 
living  microbes,  but  exerts  no  influence  upon  the  typhoid  toxins 
Chantemesse,  on  the  other  hand,  by  utiUzing  a  special  toxin,  pr€ 
pared  an  antitoxic  serum. 

It  would  seem  at  first  sight  that  nothing  is  easier  of  explanatio 
than  the  mode  of  action  of  antitoxic  serums.  Tlie  idea  suggestii 
itself  immediately — and  such  was  Behring's  idea — is  to  assume  th 
the  antitoxin  neutraUzes  the  toxin  as  an  acid  neutraUzes  a  ba 
The  serum  is  supposed  to  contain  a  true  antidote  destroying  1 
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poison.  Hence  the  name  toxtnidde,  which  is  sometimes  given  to  it. 
Behring's  conception  was  combated  by  Buchner,  EhrUch,  Roux, 
VaiUard,  Cahnette,  Bouchard,  etc.  If  a  quantity  A  of  senun  neutral- 
itts  a  quantity  B  of  toxin  in  such  a  manner  as  to  render  the  mixture 
inoffensive,  2A  should  neutraUze  2B,  3A  should  neutralize  3B,  and  so 
on.  Such  is  not  the  case,  however.  When  the  quantities  of  serum 
and  of  toxin  are  increased  progressively  a  moment  arrives  when  the 
toxin  acts.  Any  amount  of  senmi  may  then  be  employed,  but 
there  will  no  longer  be  any  antitoxic  effect.  Thus,  an  inoffensive 
mixture  in  the  dose  of  1  cubic  centimetre  will  prove  fatal  if  2  or  3 
cubic  centimetres  are  injected.  We  hardly  need  dwell  upon  this 
fact  which,  from  a  practical  standpoint,  is  of  great  consequence, 
since  it  explains  certain  failures  of  seriun  therapy.  It  is  also  im- 
portant from  a  theoretical  standpoint,  since  it  proves  that  the 
process  is  not  one  of  neutraUzation  in  the  chemical  sense  of  the  term. 
Another  objection  was  formulated  by  Buchner.  This  author  pre- 
pared a  mixture  of  tetanus  toxin  and  antitetanic  serum.  He  in- 
jected it  into  a  mouse  without  giving  rise  to  any  symptoms ;  but  he 
discovered  that  the  mixture  was  still  active  as  regards  the  guinea-pig. 

When  inoffensive  doses  of  the  mixture  of  toxin  and  serum  are 
introduced  the  animal  may  be  rendered  sensitive  to  the  neutraUzed 
poison  by  modifjdng  its  resistance  by  means  of  certain  microbes. 
Tlius  Roux  and  VaiUard  showed  that  guinea-pigs  vaccinated  against 
the  vibrio  of  Massouah  take  tetanus  when  they  are  injected  with  a 
mixture  of  toxin  and  serum,  which  mixture  is  inoffensive  for  normal 
guinea-pigs.  On  the  other  hand,  a  normal  guinea-pig  was  inoculated 
^th  the  same  mixture.  No  symptom  was  produced,  but  when,  a 
few  days  later,  the  soluble  products  or  various  microbes  such  as  the 
Eel  bacillus  or  colon  bacillus  was  injected,  tetanus  was  declared. 
Tie  poison  was,  therefore,  always  present.  A  modification  of  the 
<)^anism  suflBced  to  enable  it  to  act. 

Calmette  obtained  analogous  results  by  means  of  venoms.  He 
prepared  a  mixture  of  venom  and  serum,  and  noted  that  this  mixture 
^as  inoffensive.  He  heated  it  for  five  minutes  at  154.5°  F.  (68°  C). 
At  this  temperature  the  action  of  the  serum  was  destroyed,  while 
that  of  the  venom  remained  intact.  He  then  injected  the  mixture, 
^ch  was  inactive  a  little  while  before,  and  this  time  the  animal 
died.  There  was,  therefore,  no  destruction  of  poison,  but  simply  a 
simultaneous  presence  in  the  fluid  of  two  substances  with  antagon- 
istic action. 
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The  conclusion  is  evident :  Since  the  antitoxin  does  not  act  upoo 
the  toxin,  it  therefore  influences  the  organism  itself  in  such  a  maimer 
as  to  enable  the  cells  to  resist  the  action  of  the  poison  or,  peiluipB^ 
not  to  be  penetrated  by  it  at  all. 

Paisage  of  Active  Substances  into  the  Secretions,  and  Votabtjisli 
the  Milk.  The  active  substances  which  are  found  in  the  blood 
of  vaccinated  animals  possess  the  property  of  passing  into  certaia 
secretions,  natural  fluids,  and  transudations.  This  was  demoo- 
strated  by  Stern/  Prudden,'  and  Gottstein'  by  studjring  the  serooB 
fluid  of  vesicatories,  of  ascites,  pleurisy,  hydrocele,  and  the  amniotic 
fluid.  Unlike  the  microbic  toxins,  which  are  rapidly  eliminated  by 
the  urine,  as  was  shown  by  Prof.  Bouchard,  the  active  substances 
of  the  serum  do  not  seem  to  pass  into  the  urine.  When  an  animal 
is  vaccinated  its  urine  possesses  no  therapeutic  property.  SuA 
may  not  be  the  case  when  therapeutic  serums  are  injected,  since  an 
observation  reported  by  Vagedes  shows  that  tetanus  antitoxin  passes 
into  the  renal  secretion.  It  is  detected  therein  for  eleven  days.  It 
is  difficult,  however,  to  draw  a  conclusion  from  this  case,  since  it 
.was  that  of  a  patient  afflicted  with  tetanus,  and  it  is  not  known  wbat 
r61e  is  to  be  attributed  to  infection  and  what  to  serum  therapy. 

The  only  secretion  which  is  important  from  a  practical  standpoint 
is  the  milk.  Since  Brieger  and  Ehrlich*  called  attention  to  this  fact 
a  great  number  of  experimenters  have  recognized  that  the  mill^ 
contains  therapeutic  substances,  but  in  quite  small  amoimts.  Ehr- 
lich showed  the  immunizing  power  of  milk  of  animals  vaccinated 
against  abrin  and  ricin.  Klemperer  and  Levy  established  the  same 
fact  as  regards  the  typhoid  bacillus ;  but  the  milk  of  an  immunized 
goat  was  ten  times  less  active  than  the  serum  of  the  same  animal. 
Particular  researches  in  this  connection  have  been  pursued  with 
regard  to  cholera  and  diphtheria.  The  works  of  PopofT,  Ketscher, 
and  Klemperer  demonstrated  the  passage  of  anticholerine  into  milk- 
Popoff^  showed  that  the  active  principle  is  found  in  the  serum  of 


^  Stern.  Uelwr  die  Wirkung  des  menschlichcn  Blutes  und  anderer  Korpersflu*'?* 
keitrii  auf  patogene  Mikrcorganismen.     Zrit«chrift  f.  klin.  Medicin,  1890,  Bd.  x^iu- 

2  Pruddoii.  On  the  Germicidal  Action  of  Blood  Serum  and  Other  Blood  Fluid*}.  ^^' 
ical  Record,  1890. 

5  Gottstcin.  Zusaninienf.  I'ebersicht  iiber  die  bakterienvcmichtende  Eigensohaft  <*^ 
Blutserum.     Therap.  Monatshefte,  1891. 

*  Hrieger  and  Ehrlich.  Ueber  die  Uebertragung  von  Immunitat  durch  Milch.  I^^^' 
med.  Wochen.«<chrift.  1892. 

*  PopofF.     Uebt^rtragung  der  Immunitat  gegen  Cholera  niittels  der  Milch  einervac- 
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e  milk  and  was  destroyed  by  boiling.  Ketscher  showed  that  the 
ilk  acts  when  it  is  injected  beneath  the  skin.  When  it  is  introduced 
f  the  alimentary  canal  it  is  inert.  The  experiments  were  made 
pon  vibrionic  peritonitis,  and,  therefore,  it  was  the  germicidal  sub- 
mte  that  passed  into  the  milk.  In  order  to  study  the  antitoxic 
ibBtanee,  we  must  consider  the  researches  pursued  with  diphtheria. 
Waseermann  and  Ehrhch*  employed  goats'  milk.  At  the  begin- 
tog  of  vaccination  5  c.c.  were  required  to  neutraUze  the  toxin, 
ate,  0.1  c.c.  suflBced.  The  serum  was  twenty  times  more  active, 
he  authors  remark,  however,  that  a  goat  jdelds  in  one  month  a 
n  and  a  half  (a  quart  and  a  half)  of  serum,  or  30  Utres  of  milk, 
would,  therefore,  be  advantageous  to  employ  the  latter  secretion 
it  could  be  concentrated  so  as  to  obtain  the  active  substance 
a  small  volume.  This  is  what  Wassermann  tried  to  do.  After 
figulating  the  milk  by  means  of  lab-ferment,  he  precipitated  the 
live  substance  by  sulphate  of  ammonia.  The  precipitate,  dried 
vacuo  and  again  dissolved,  proved  highly  effective;  0.125  c.c. 
the  fluid  thus  obtained  sufficed  to  neutraUze  0.9  c.c.  of  the  diph- 
leritic  poison. 

The  employment  of  milk  may,  therefore,  be  of  service  in  thera- 
5iitic8.  The  same  is  true  of  eggs.  In  fact,  Klemperer's  researches 
WW  that  anticholerine  is  found  in  the  yelk  of  the  egg  of  hens 
wdnated  against  the  vibrio.  According  to  Sclavo,  the  white  of 
»  egg  contains  the  diphtheritic  antitoxin.  Here,  therefore,  is  a 
BW  field  open  to  therapeutics.  It  is  not  impossible  that  some  day, 
hen  active  substances  will  be  prepared  in  a  state  of  purity,  milk 
od  eggs  of  vaccinated  animals  will  replace  the  serum. 
Qermieidal  Properties  of  Tissues.  Do  the  tissues,  under  the  in- 
uenee  of  vaccination,  undergo  modifications  analogous  to  those 
■  the  fluids?  Such  is  the  question  which  we  endeavored  to  elucidate 
ter  our  first  investigations  on  the  germicidal  properties  of  serum, 
le  problem  was  not  new.  It  had  long  been  laid  down  and  taken 
>  by  various  experimenters,  and  almost  always  received  a  negative 
iswer.  The  majority  of  experimenters  admit,  as  a  dogma,  that 
icrobes  develop  equally  well  in  all  tissues  deprived  of  life,  no  matter 

"iertwi  Kuh.     Vratch,  1893,  No.  10  (Anal.  Centralblatt    f.  Bakt.,   1895,  Bd.  xvii. 

166). 

^  Waasermaim.     Ueber  Konzentrierung  der  Diptherie-Antitoxino  aus  der  Milch  iin- 

Diaerte  Thiere.    ZeitBchrift  f.  Hygiene,  Bd.  xvii.  p.  233.    Ehrlich  and  Wassermann. 

berdie  Qewinnung  der  Diptherie-Antitoxine  aus  Bliitsenim  und  Milch  immunisicrte 

iere.    Ibid.,  p.  239. 


to  practice  cultivation  without  any  previous  prepi 
experiment  thus  conceived  was  not  as  simple  as  might 
sight.  The  majority  of  aerobic  microbes  do  not  d* 
interior  of  dead  tissues  where  oxygen  is  lacking,  ] 
if  not  impossible,  to  appreciate  with  accuracy  the  inte 
tation  inside  an  organ  or  a  tissue  and  to  recognize  w 
development  is  similar  in  animals  sensitive  to  the  diseaa 
that  are  naturally  or  artificially  immime. 

All  these  difficulties  disappear  when  an  anaerobic 
ployed,  which  Uvea  free  from  air,  and  the  multiplica' 
may  be  appreciated  with  some  accuracy  by  the  ai 
liberated.  These  various  conditions  are  fulfilled  by  t 
symptomatic  anthrax.  Hence,  we  have  chosen  tliis 
studying  the  problem  laid  before  ua.  We  first  inv 
behavior  of  this  bacillus  when  inoculated  into  tissues  si 
the  body  and  derived  from  normal,  viz.,  non-vaceinat 

We  operated  in  the  following  manner:  The  anim 
guinea-pig  being  killed  by  hemorrhage,  we  detachec 
antiseptic  precaution,  the  four  extremities.  Then,  b 
Pravaz  syringe,  we  injected  into  each  limb  from  1  to  i 
serous  fluid  drawn  from  an  anthrax  tumor  of  a  guinea- 
matle  four  injections  with  one  animal.  Immediately  t 
was  injected  the  four  extremities  were  placed  in  ste 
and  put  in  an  incubator  with  a  temperature  of  93.2°  F, 
the  end  of  fifteen  or  seventeen  hours  it  may  readily 
by  palpation  that  the  tissues  of  the  rabbit  as  well  a: 
guinea-pig  are  infiltrated  with  gas.    This  em] 
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m  of  the  microbe.  This  result  may  be  compared  to  that  ob- 
jd  in  serum.  It  seems,  however,  less  paradoxical,  since  the 
des  of  the  guinea-pig  are  invaded  as  readily  by  the  microbic 
i  as  those  of  the  rabbit.  It  is  no  less  interesting  to  note  that, 
•  death,  the  tissues  of  a  naturally  immune  animal  no  longer 
ees  the  development  of  a  pathogenic  agent  which  could  not 
lop  during  life. 

jt  us  now  consider  what  occurs  in  vaccinated  guinea-pigs  and 
ibbits  the  natural  immunity  of  which  has  been  reinforced  by 

15  of  preventive  inoculations.  The  animals  were  treated  in 
jame  manner  as  in  the  preceding  experiments :  the  four  limbs 
separated  from  the  body  and  inoculated  at  the  same  time  and 
le  same  manner  as  the  limbs  of  normal  animals.  At  the  end 
Fteen  hours  the  tissues  of  the  latter  are  infiltrated  with  gas; 
5  of  the  vaccinated  animals  do  not  contain  any.  Sometime 
it  is  found  that  emphysema  develops  in  the  vaccinated  limbs, 
itation  is  appreciable  at  the  end  of  twenty-four  or  twenty-eight 
s;  but  the  amount  of  gas  is  very  small  and  in  nowise  comparable 
at  infiltrating  the  tissues  of  the  normal  limbs.  After  thirty-six 
rty  hours  the  differences  are  still  quite  notable.  Although  the 
es  of  the  vaccinated  limbs  give  the  sensation  of  emphysema,  it 
sy  to  see  that  the  tissues  of  the  normal  animals  are  so  swollen 
even  a  slight  touch  will  reveal  the  characteristic  crepitation, 
some  of  our  experiments  we  took  the  precaution  to  irrigate 

circulatory  system  in  order  to  remove  all  trace  of  blood  before 
tising  inoculation.  For  this  purpose,  the  animal  having  been 
1  by  hemorrhage,  we  first  detached  one  of  the  thighs.  After 
ing  the  vessels  opened  during  this  operation,  we  incised  the 
uninal  wall  and  injected  through  a  canula  introduced  into  the 
i  a  7:1000  steriUzed  salt  solution,  which  came  out  through 
inferior  vena  cava.  The  amount  of  fluid  thus  employed  was 
3.C.  The  remaining  thigh,  which  had  been  thus  washed,  was 
detached,  and  the  two  limbs  were  inoculated  in  the  same 
ler  and  placed  in  the  incubator.    We  found  that  the  washing 

16  circulatory  system  did  not  modify  the  results.  It  neither 
icted  nor  favored  the  development  of  symptomatic  anthrax 
n  nowise  modified  the  differences  which  are  observed  according 
e  tissues  experimented  upon  were  those  of  normal  or  of  vac- 
ed  animals. 

e  procedure  employed  in  these  researches  is  open  to  some 
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criticism.  It  serves  to  elucidate  only  one  of  the  phenomena  accom- 
panying microbic  development.  It  may  be  objected  that  the  bacilli 
develop  in  the  tissues  of  vaccinated  animals  and  that  only  one  of 
their  functions  is  suppressed.  Such  an  objection  is  not  in  harmoojr 
with  the  facts  known  of  the  biology  of  anaerobics ;  at  any  rate,  the 
objection  is  of  little  value.  In  fact,  it  matters  Uttle  whetiier  the 
vegetation  or  the  function  of  the  microbe  is  checked.  It  suffictt 
for  us  to  establish  that  development  differs  according  as  the  tis8Q» 
employed  are  those  of  vaccinated  or  of  normal  animals.  This  result, 
which  seems  to  be  undeniable,  proves  that  a  chemical  modification 
takes  place,  no  matter  whether  this  modification  occurs  in  the 
muscles,  the  connective  tissue,  or  the  interstitial  fluids.  The  only 
legitimate  conclusion  to  be  drawn  from  our  investigations — and  th» 
is  precisely  the  answer  to  the  question  which  we  proposed  to  solve- 
is  that  the  bacillus  of  symptomatic  anthrax  develops  with  difficulty 
in  the  tissues  of  vaccinated  animals. 

This  conclusion  is  in  harmony  with  that  arrived  at  by  Bitter, 
who  found  that  extracts  of  tissues  possess  germicidal  properties. 
Donissen  also  learned  that  the  extract  of  the  tissues  of  rabbits  vac- 
cinated against  the  pneumococcus  possesses  vaccinating  properties. 

A  very  skilful  experiment  of  Voswinkel  tends  to  prove  that  the 
tissues  of  certain  naturally  refractor}'  animals  are  likewise  germicidal. 
This  author  experimented  upon  frogs  the  blood  of  which  he  re- 
placed by  sterilized  salt  water.  He  then  injected  into  them  1  c.c. 
or  2  c.c.  of  anthrax  culture.  The  microbes  introduced  soon 
perished,  while  those  which  were  kept  at  the  same  temperature  in 
salt  water  preserved  their  vitality.  On  stud}dng  the  phenomena 
more  closely,  A^oswinkel  recognized  that  while  some  bacilli  were 
incorporated  by  some  remaining  leucocytes,  the  majority  disinte- 
grated outside  them. 

Modifications   of   the    Serum   in   Animals   Predisposed    to  Infectioni. 
After  studying  the  chemical  modifications  occurring  in  the  organisn^ 
when  its  resistance  is  increased  we  were  naturally  led  to  investigate 
what  hai)[)ened  under  opposite  conditions.     As  is  knowTi,  a  gre^^^ 
number  of  i)roceduros  may  be  employed  to  increase  the  sensitiveness 
of  animals  to  infection.     This  may  be  realized,  for  example,  l^i" 
injecting  into  them  the  soluble  products  of  streptococci,  \iz.,  culture"' 
filtered  through  a  i)orcelain  bougie  and  not  heated.     The  animft  ' 
thus  treated,  when  later  inoculated,  die  more  rapidly  than  norm^ 
animals,     lender  these  conditions  the  serum  is  far  less  gerraicid-- 
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under  normal  conditions.  At  times  the  differences  are  so 
Led  that  fifteen  or  twenty  hom^  after  inoculation  of  the  sera 
oecopic  examination  shows  innumerable  germs  in  the  cultures 
ared  with  the  serum  of  the  weakened  animals,  while  in  those  cul- 
s  made  with  normal  serum  only  one  or  two  chains  are  seen  in  each 
•oecopic  field.  The  differences  disappear  soon  after,  and,  at  the 
of  two  or  three  daj^s,  the  two  cultures  are  numerically  similar, 
not  equally  virulent.  Animals  which  receive  the  culture  derived 
1  the  sera  of  predisposed  animals  die  before  those  which  receive 
ilture  developed  in  normal  senun. 

he  results  which  we  obtained  with  the  serum  of  predisposed 
oals  thus  represent  the  coimterpart  of  those  furnished  by  the 
ly  of  the  sera  of  vaccinated  animals.  In  the  latter  case  the 
■obe  is  attenuated;  while  in  the  former  instance  it  is  exalted,  or 
er  it  seems  to  be  exalted;  for  some  experiments,  which  are  yet 
mplete,  tend  to  show  that  the  sera  of  predisposed  animals  act, 
upon  the  microbe,  but  upon  the  inoculated  animal  whose  resist- 
( it  reduces. 

le  streptococcus  is  not  the  only  microbe  that  secretes  predispos- 
lubstances.  Like  substances  are  secreted  by  the  staphylococcus, 
his  case  also  the  serum,  as  was  shown  by  Courmont,  loses  its 
licidal  properties.  To  use  the  author's  expression,  it  becomes 
eriophilic. 

udogous  modifications  are  observed  under  various  circumstances, 
mes  diminution  of  resistance  seems  to  depend  upon  a  diminution 
le  alkalinity  of  the  blood.  This  hypothesis  explains  how  over- 
Son  weakens  the  resistance  of  the  white  rat  to  anthrax  infection, 
ict  it  is  known  that  the  resistance  of  this  animal  depends  upon 
liigh  alkalinity  of  its  blood.  The  analyses  of  Drouin  demon- 
ed  that  this  alkalinity  diminishes  in  rats  when  they  are  forced 
)  violent  muscular  work.  Likewise,  according  to  Zagari  and 
centi,  the  alkalinity  of  the  blood  is  weakened  in  animals  sub- 
d  to  the  action  of  chloral,  tartaric  acid,  and  alcohol,  and  in 
k1  frogs,  and  in  pigeons  subjected  to  fasting.  In  all  cases  there 
emarkable  parallelism  between  the  diminution  in  the  alkalinity 
le  blood  and  the  reduction  of  resistance.  The  influence  of 
ig  was  particularly  demonstrated  by  the  experiments  of  Canalis 
Morpiffgo.*    After  foiu*  or  six  days  of  fasting  the  pigeon  lost 

nalis  and  Morpiirgo.  Intomo  all'  influenza  del  digiuno  suUa  di*«posizione  alle- 
le infettive.     Roma,  1890. 
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its  immunity  against  anthrax.  At  this  time  it  possessed  ver)'  little, 
if  any,  germicidal  power.  In  only  one  experiment  the  blood  re- 
mained germicidal,  and  this  time  the  ammal  preserved  its  immunity. 
Gaertner^  Kkewise  observed  that  the  staphylococcus  vegetates  more 
luxuriantly  in  the  blood  of  rabbits  .whose  resistance  to  infection  wm  i 
reduced  by  means  of  deficient  alimentation  and  repeated  bleeding. 
On  the  other  hand,  if  bleeding  is  only  once  practised,  the  resistance 
is  not  diminished,  even  when  the  loss  of  blood  is  great.  In  accord- 
ance with  this  result,  the  blood  remains  germicidal,  as  was  sho^ 
by  Bakunin  and  Boccardi.' 

Modifications  of  the  Serum  in  the  Ooorse  of  Acute  Diseaies.  It 
might  be  assumed  that  the  germicidal  properties  of  the  serum 
increase  when  the  individual  recovers,  and  that  they  diminish  wben 
the  patient  dies.  In  reaUty  the  phenomena  are  far  more  complex. 
Even  in  fatal  cases  the  organism  generally  reacts.  Therefore,  the 
germicidal  properties  may  increase.  From  the  very  start  of  our 
researches  we  noted  with  astonishment  that  the  serum  of  animals 
succumbing  to  an  infection  is  at  times  as  strongly  germicidal  as  the 
serum  of  vaccinated  animals  and  likewise  hinders  certain  functions. 
The  animal  dies  because  the  protective  substances  are  insufficient 
in  quantity  or  have  appeared  too  late.  They  may  nevertheless 
exert  a  harmful  action  upon  the  microbes  that  have  invaded  the 
organism.  Hence,  cultures  obtained  from  individuals  dead  of 
certain  infections  may  be  destitute  of  virulence.  This  occurs  con- 
stantly in  cases  of  streptococcic  infections.  The  organism  succeeds 
in  attenuating  the  microbe,  but  the  latter  has  time  to  secrete  toxins 
which  injure  the  principal  organs  and  render  recovery  impossible. 
Hence,  it  is  not  rare  to  see  death  occur  after  destruction  of  microbes. 
We  therefore  remark  that  in  the  course  of  infections  two  different 
processes  go  on  simultaneously.  Microbic  products  are  elaborated 
which  tend  to  diminish  the  germicidal  properties,  while  the  reactions 

* 

of  the  organism  tend  to  increase  them.  We  may  readily  conceive 
the  variabiUty  of  results  according  as  one  or  the  other  process 
predominates. 

In  certain  instances  the  role  of  reduction  of  germicidal  power  in 
the  course  of  mfections  has  been  appreciated.     By  producing  ^ocb\ 

^  Gaertnor.  Rcitrag  zur  Aufklarung  des  Wesens  des  sog.  Praedisposition.  Ziep'**^ 
Beitrage  zur  patholog.  Anat.,  1890. 

*  Bakunin  and  Boccardi.  Ricerchc  su  la  proprieta  battericida  del  sangue  indi^'*^ 
stati  doir  organismo.     La  Riforma  medica.  1891,  t.  iii.  p.  445. 
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which  subsequently  became  generalized,  Bastin  found  that 
a  of  the  organism  is  preceded  by  a  diminution  of  the  germ- 
ower.  The  degree  of  this  diminution  is  in  direct  ratio  to  the 
y  of  the  infection.  On  the  other  hand,  in  two  women  suffer- 
n  local  abscesses,  Bastin  foimd  that  as  regards  the  staphylo- 
the  blood  was  more  germicidal  than  normal,  and  this  fact 
ted  for  the  localization  of  the  lesion.  Analogous  to  these 
are  those  obtained  by  Kiouka,  Szekely  and  Szana,  Kruse, 
ansini.  Experimenting  with  the  staphylococcus,  bacillus 
as,  and  pneimiococcus,  these  authors  noticed  that  the  germ- 
power  diminished  and  disappeared  when  infection  became 
ized — i.  e.,  when  the  microbes  passed  in  large  numbers  into 
od.  On  the  contrary,  in  tjrphoid  cases  the  germicidal  prop- 
)ersist  imtil  death  and  the  microbes  do  not  invade  the  blood 
a). 

RTANCE  AND  SIGNIFICANCE  OP  MODIFICATIONS  IN  FLUIDS.     In 

f  the  facts  reported,  it  may  be  concluded  that  there  is  a 
able  parallelism  between  the  variation  of  the  organic  resist- 
id  the  action  of  the  blood  upon  bacteria.  When  the  resistance 
ased  the  protective  r61e  of  the  blood  is  more  marked,  and  vice 
These  correlations  are  at  times  so  perfect  that,  as  regards 
jumococcus,  for  example,  the  serum  culture  gives  the  measure 
rtivity  (Kruse  and  Pansini).  The  results  are  not  comparable, 
sr,  unless  the  experiment  is  pursued  upon  the  same  animal 

• 

e  facts  have  not,  however,  sufficed  to  convince  all  scientists. 
abjections  have  been  raised  against  the  so-called  humoral 
which  we  must  briefly  consider.  We  shall  not  dwell  upon 
)U8  criticisms.  It  is  quite  certain,  for  example,  that  germ- 
)ower  does  not  depend  upon  a  change  of  medium — ?'.  e.,  upon 
rence  from  bouillon  to  serum.  On  the  contrary,  the  germ- 
iction  is  unmodified  when  a  germ  grown  in  the  serum  of  a 
[  animal  is  inoculated  into  the  serum  obtained  from  a  vaccin- 
ia. 

important  objection  is  the  argument  that  the  germicidal 
ties  do  not  exist  in  the  blood  circulating  in  the  bloodvessels. 
ppear  when  the  blood  is  in  an  abnormal  condition,  when  it  has 
aagulated  or  defibrinated.  This  is,  so  to  speak,  an  artificial 
by  developing  after  death,  due,  perhaps,  to  disintegration  of 
rtes  and  to  diffusion  of  substances  contained  in  them. 


676  INFECTIOUS  DISEASES. 

It  may  be  replied,  in  the  first  place,  that  it  is  quite  strange  that  the 
germicidal,  attenuating,  or  antitoxic  power  of  the  serum  varies  with 
the  degree  of  resistance,  that  it  is  increased  when  the  animals  are 
vaccinated,  and  diminished  when  their  immunity  is  weakened.  la 
this  manner  the  blood  of  vaccinated  animals  acquires  a  new  power 
which  is  in  a  latent  state  in  the  organism,  and  becomes  manifest  n 
soon  as  this  fluid  leaves  the  vessels.  This  power  would  thus  act  wbea 
it  is  useless.  A  good  many  facts,  however,  tend  to  prove  that  Ae 
protective  action  is  real  and  is  readily  exercised  during  life.  The 
passage  of  active  substances  into  natural  effusions,  such  as  tk 
serous  fluid  produced  by  vesicatories,  ascites,  pleuritic,  hydrocele, 
and  the  amniotic  fluids  and  their  presence  in  milk,  cannot  be  ex- 
plained otherwise  than  by  the  admission  that  the  blood  contains  a 
diffusible  soluble  principle. 

Moreover,  there  are  a  few  experiments  which  prove,  by  other 
methods,  that  the  protective  action  really  exists  during  life.  Tte 
may  be  demonstrated  by  protecting  the  microbes  against  the  phag- 
ocytes by  means  of  parchment  bags,  by  injecting  germs  beneath  tie 
skin,  and  after  a  few  minutes  studying  the  modifications  presented 
by  them.  De  Giaxa  and  Guarnieri  introduced  the  microbe  into  a 
segment  of  artery  tied  at  the  two  ends.  The  modifications  wwe 
found  to  be  the  same  as  outside  the  organism.  Drs.  Denys  and 
Leclef  injected  streptococci  beneath  the  skin  of  the  ear  of  nomwl 
and  of  vaccinated  rabbits.  In  the  former  they  noted  that  the 
microbes  rapidly  developed  and  that  the  leucocytes  were  not  late  Id 
appearing  at  the  spot;  but,  while  some  of  these  fulfilled  their  phago- 
cytic action,  the  majority  remained  passive  and  did  not  attack  the 
invaders.  In  the  vaccinated  animal,  on  the  contrary,  the  microbes 
rapidly  disappeared.  The  number  of  leucocytes  making  their  appear- 
ance at  the  spot  was  the  same  as  in  the  former  instance,  but  the 
microbes  were  weakened  by  the  senmi,  and  the  leucocytes  succeeded 
in  devouring  them  within  a  few  hours.  These  original  and  accurate 
experiments  elucidate  the  various  phases  of  the  struggle  between 
the  microbe  and  the  organism.  Whether  the  animal  is  vaccinated 
or  not,  the  leucocji^s  migrate  with  the  same  facility;  but  this  afflux 
of  cells  is  not  necessarily  followed  by  phagocytosis.  The  microbes 
are  more  readily  picked  up  because  they  had  been  previously  affected 
by  the  fluids — ?'.  c,  by  the  chemical  substances  dissolved  in  tte 
blood  serum.  Another  conclusion  to  be  drawn  from  these  researches 
is  that  the  active  substance  in  the  serum  of  vaccinated  animals  can 
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inger  be  considered  as  a  slimuHn,  exciting  the  phagocytic  power 
le  cells.  It  seenia  rather  that  the  serum  acts  upon  the  microbe 
reakening  its  vitality  or  by  neutralizing  the  noxious  substances 
Bted  by  it. 

itore  and  Origin  of  the  TariooB  Active  Substances  Contained 
lie  Senim.  We  have  indicated  the  principal  modifications 
entcd  by  the  blood  in  the  course  or  in  consequence  of  infections. 
must  now  consider  the  relationship  existing  between  the  various 
itances  the  effects  of  which  have  been  alluded  to.  We  must 
what  is  the  significance  and  the  cause  of  germicidal,  agglutinat- 

and  antitoxic  actions. 

;  may  first  be  stated  that  certain  normal  animals  furnish  agglu- 
tmg  senmis,  otliers  germicidal  serums.  Vaccination  does  not, 
efore,  jjroduce  a  new  property.  On  the  contrary,  it  increases 
sodifies  an  already  existing  projwrty.  The  study  of  serums 
lined  from  normal  and  vaccinated  animals  demonstrates,  on  the 
ir  hand,  that  there  is  no  constant  relationship  between  the 
utinating  and  germicidal  powers.    Thus,  the  serum  of  the  nor- 

dog  a^lutinates  the  bacilli  introduced  by  first  inoculation  of 
irax,  but  it  does  not  destroy  them.  Moreover,  numerous  obser- 
ona  demonstrate  that  the  agglutinated  microbes  are  not  dead 
that,  under  certain  conditions,  they  are  capable  of  development. 

two  properties  may  be  separated.  Heating  to  131°  F.  (55°  C.) 
ishes  the  germicidal  power,  but  modifies  the  agglutinating  power 
■  httle,  if  at  all.  Tlie  two  substances  may  also  be  separated  by 
\'^\a.  The  germicidal  substances  pass  through  the  collodion  sac; 
agglutinating  substances  do  not. 
f  investigating  the  relationship  existing  between  the  germicidal 

the  therapeutic  powers  of  serums,  Frankel  and  Sobernheim 
A  that  serum  heated  to  140°  F.  (60°  C.)  losf^s  its  germicidal 
m,  but  preserves  its  preventive  power.  It  still  confers  im- 
ity  upon  guinea-pigs  into  which  it  is  injected.  Bordet  took  up 
;:q)eriment  and  demonstrated  that,  by  adding  a  certain  amount 
nrmal  serum  to  the  heated  preventive  serum,  the  germicidal 
;r  reappeared.  Tliis  highly  interesting  result  shows  that  the 
n  of  a  vaccinated  animal  acts  by  means  of  two  substances, 
is  a  specific  substance  resisting  a  temperature  of  141°  F.  (60°  C.) ; 
ither,  present  in  normal  serum,  is  a  common  substance  which 
Apable  of  destroying  bacteria  except  when  the  latter  have  been 
inced  by  the  specific  substance.  In  other  words,  vaccination 
37 
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causes  the  appearance  of  a  substance  which  renders  the  mien^ 
sensitive  to  the  alexin  contwned  in  every  serum. 

Continuing  the  study  of  these  facts,  Bordet  demonstrated  thst 
this  specific  substance  unites  with  the  pathogenic  agent  agaiut 
which  the  animal  is  immunized.  Under  its  infiuence  the  microba 
lose  their  motility  and,  in  the  second  phase,  they  agglutinate.  AftiT 
the  remarkable  contributions  of  Bordet,  agglutination  must  be  con- 
sidered a  physical  phenomenon  comparable  to  coagulation.  It 
results  from  a  change  in  the  relations  of  molecular  adhesion  betnwa 
the  bodies  of  the  cells  and  the  fluid  containing  them.  In  order  fcr 
this  agglutination  to  be  produced  it  is  necessary  for  the  substantt 
to  possess  a  certain  mineral  composition,  and,  notably,  oontSD 
sodium  chloride.  When  the  agglutinating  serum  is  placed  in  contact 
with  microbes  suspended  in  distilled  water  the  latter  remain  sepantc; 
when  sodium  chloride  is  added  they  come  together  and  agglutintte. 
These  results  are  observed  not  only  outside  but  also  within  the 
organism.  Frankel  and  Sobsrnheim  injected  into  guinea-pigs  tie 
serum  of  a  vaccinated  animal  after  heating  the  serum  to  158°  F. 
i7(f  C).  They,  therefore,  introduced  a  non-germicidal  aeram. 
The  serum  of  the  animal  thus  treated  acquired  the  germicidal  po« 
which  had  disappeared  from  the  injected  serum.  This  fact  is  im- 
portant, smce  it  demonstrates  that  we  must  not,  as  is  often  doM,  I 
beheve  the  properties  of  the  serum  to  be  absolutely  uidike  those  <i 
the  plasma.  Furthermore,  recent  researches  by  Rehm,  Camus,  and 
Pagniez  seem  to  demonstrate  that  the  alexins  are  not  artificisl 
products  and  that  they  pre-exist  in  the  circulating  blood. 

The  origin  of  the  specific  substance  is  completely  unknown.  .\Il 
that  is  known  about  it  is  that  it  is  not  produced  or  contained  in  the 
leucocytes. 

The  investigations  of  Deutsch  demonstrated  that  the  liver,  kidneys, 
and  suprarenal  capsules  contain  very  little  a^lutinin.  Thesplpon, 
the  lymphatic  glands,  and  the  bone-marrow  contain  more,  bui  llic 
amount  is  still  less  than  that  foimd  in  the  blood.  On  the  other  haini. 
the  lungs  contain  more  of  it,  but  these  organs  also  contain  it  D" 
mally.  It  would  be  interesting  to  learn  whether  the  lungs  play  :; 
important  role  in  the  formation  of  this  substance.  As  to  the  alexii 
the  researches  of  Denys,  Havet,  and  Hahn  have  conclusively  shov 
that  tliey  proceed  from  the  leucocytes.  But  there  is  anotli 
problem  connected  with  this  subject.  Do  the  white  blood  c< 
puscles  alone  elaborate  alexin?    Cannot  other  cells  also  participate 
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in  this  function?  Even  supposing  that  the  leucoc3rtes  are  the  sole 
producers  of  the  germicidal  substance,  is  it  to  be  presumed  that 
they  retain  it  in  their  interior  and  that  it  serves  only  to  destroy 
tbe  microbes  ingested  by  the  leucoc3rtes?  When  it  is  encoimtered 
in  various  fluids,  is  it  to  be  supposed,  following  Metchnikoff 's  school, 
tliat  alexin  diflfuses  only  after  the  destruction  of  leucocytes?  Or  is 
it  to  be  admitted,  as  does  Buchner,  that  it  is  constantly  given  ofif 
as  a  secretion?  This  is  the  only  point  upon  which  the  adherents 
of  the  80-<»lled  humoral  and  cellular  doctrines  of  immunity  are  not 
agreed.  The  question  is  imdoubtedly  of  great  importance  from  a 
theoretical  standpoint.  If  the  germicidal  substances  remain  en- 
doeed  within  the  leucocytes,  phagocytosis  retains  its  importance. 
If  they  diffuse,  the  phenomena  of  extracellular  digestion  become 
predominant  and  the  modifications  of  the  humors  assume  an  im- 
ptfftant  position.  It  is  well  to  remark,  moreover,  that  even  suppos- 
ing tiiat  the  germicidal  substances  do  not  leave  the  leucocytes — 
and  this  hypothesis  seems  to  us  contradicted  by  certain  facts  above 
reported,  since  the  sensibiUzing  substance  is  not  of  leucocytic  origin 
-^the  modification  of  the  fluids  explains  all  acquired  immunity. 
Tie  phagocyte  is  capable  of  digesting  only  those  microbes  which 
taye  been  acted  upon  by  the  specific  substance,  viz.,  that  substance 
^ch  is  foimd  in  fluids  modified  by  infection.  Thus,  owing  to  the 
fine  contributions  of  Bordet,  we  return  to  the  conception  of  acquired 
mmunity  as  it  was  imderstood  years  ago  by  Bouchard  and  his 
esciples. 
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CONGENITAL  INFECTIONS  AND  HEREDITY. 

Passage  of  Microbes  through  the  Placenta.  The  Law  of  Brauell-Davaine.  Experi- 
ments upon  Anthrax  Infection.  Transmissibility  of  Some  Human  Infectiom 
Ck>ngenital  Variola.  Peculiar  Characters  of  This  Clinical  Form.  Course  of  Tem- 
perature in  Congenital  Variola.  Its  Analogy  with  Experimental  Variola.  TnB»- 
mission  of  Chronic  Infections:  Leprosy,  S3rphilis,  and  Tuberculosis.  Congemtil 
Dystrophies  of  Infectious  Origin:  Rdle  of  Syphilis  and  of  Tuberx^ulosis.  Tnoi- 
mission  of  Immunity.  Laws  of  Colles  and  of  Profeta.  R61e  of  Father  and  of 
Mother  in  the  Transmission  of  Immunity.    Conclusions. 

The  history  of  heredity  of  infectious  diseases^  must  be  considered 
from  a  triple  standpoint:  transmission  of  the  living  micfobe  Irm 
parents  to  progeny ;  transmission  of  modifications  in  fluids  and  celb, 
namely,  chemical  or  dynamic  changes  occurring  in  the  organism  of 
the  parents  in  the  course  or  in  consequence  of  infections;  influence  of 
diseases  of  the  parents  upon  the  development  of  the  child  during  and 
after  intrauterine  life. 

Passage  of  Microbes  through  the  Placenta. 

Let  us  first  consider  the  simplest  question :  the  contaminatioii  of 
the  fetus  by  living  germs.  Clinical  observation  has  long  demon- 
strated the  reality  of  fetal  infections;  it  wall  suflice  to  cite  variola 
and  syphilis.  There  are,  however,  other  infections  in  which  the  prob* 
lem  is  more  complex  and  more  difficult  of  solution.  The  explanation 
of  inherited  tuberculosis  has  given  rise  to  numerous  contradictor)' 
works  upon  the  subject.  Some  writers  have  asserted  the  possibility 
of  fetal  contamination  by  the  father  or  by  the  mother ;  others,  pur* 
suing  the  discussion  on  similar  lines  to  those  which  apply  to  s}T)liili^' 
have  described  cases  of  early  or  of  tardy  heredity,  w^hile  still  a  third 
school  has  totally  rejected  the  idea  of  direct  transmission  and  he'd 
tubercular  heredity  to  be  nothing  more  than  a  congenital  predl^p^ 
sition  to  contract  the  disease.  According  to  the  last-mentioned 
hypothesis,  it  is  not  the  bacillus  but  the  soil  favorable  to  its  develop" 
ment  that  is  transmitted. 

*  Roger.     L'h<5r^dit6  dans  les  maladies  infectieuses.     Gazette  hebdoiiiadaire,  Oct© 
11,  18,  and  25,  1889. 
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■ixperimental  pathology  has  taken  up  theprobteniiandthe  number 
(TOTka  bearing  upon  this  question  is  very  considerable.  From  a 
lera!  point  of  view,  we  may  first  cite  the  magnificent  researches 
JE  diseases  of  the  silkworm.  It  is  known  that  these  worms  are 
)le  to  two  main  infections:  pebrin  and  flacherie.  Pebrin  is  trans- 
ited from  generation  to  generation  tlirough  the  eggs  which  contain 
I  pathogenic  agent.  The  latt«r  is  incorporated  with  the  egg  inside 
I  female  chrysalid,  and  becomes  an  integral  part  of  the  embryo 
i  the  worm  evolved  from  it.  The  male  does  not  transmit  the 
ease,  but  it  may  exercise  upon  the  progeny  a  harmful  influence 
expressed  by  weakness  of  the  worm  and  the  inferior  quality  of  its 
iDon.  In  the  case  of  flacherie  the  agent  of  the  disease  resides  in 
?  intestine  and  doe^  not  invade  the  eggs.  The  worms  issuing  from 
iitaminated  animals  do  not  have  the  disease,  but  they  are  weak 
A  almost  certainly  predestined  to  become  victims  of  the  contagion. 
IB  the  morbid  predisposition  that  is  transmitted.  Do  we  not  find 
the  history  of  these  affections  of  the  silkworm  the  counterpart  of 
lat  occurs  in  eyphihtic  and  tuberculous  infections  of  more  highly 
vebped  organi'^ms? 

Intraplacental  Transmission  of  Anthrax.  It  was  with  anthrax, 
e  ex]«;rimental  (lisea.se  par  excellence,  that  the  first  attempt  was 
ide  to  soh'p  the  problem  whether  or  not  infectious  germs  may  pass 
rough  the  placenta  and  invade  the  fetus.  Brauell,  in  1858,  reported 
ur  experiments  upon  a  colt  and  three  sheep.  Microscopic  exam- 
ttion  showed  no  bacilli  in  the  fetus,  and  inoculation  into  animals 
'Ve  rise  to  no  symptoms.  Davaine  added  one,  and  Bollinger,  in 
176,  reported  three  more  negative  results.  The  question  then 
Bined  tobe  settled  and  the  law  of  Brauell-Davaine,  that  the  placenta 
IS  a  perfect  filter,  was  admitted.  A  first  opposition  was  raised  by 
rloing,  Comevin,  and  Thomas,  who  were  convinced  that  sympto- 
»iic  anthrax  was  transmitted  from  the  mother  to  the  fetus.  In 
i82  Straus  and  Chamberland  published  a  few  facts  which  seemed 
n  Brauell's  law:  but, by  pursuing  their  studies, these  authors 
Bed  that  such  transmission  was  at  times  possible.    They 

mtcd  upon  twenty  guinea-pigs;  microscopic  examination  of 

*  blood,  liver,  and  the  spleen  revealed  no  bacilli.  The  fetus  pre- 
iled  no  alterations  whatever,  and  tlie  blood  did  not  offer  the  agglu- 
lating  property  which  is  observed  in  animals  dead  from  anthrax. 
Jt  the  result  was  altogether  different  when  the  authors  employed 
^tlier  method — i.  e.,  when  they  resort^^d  to  cultures  and  intoxica- 


INFECTIOUS  DISl 


tions.  They  thus  obtained  several  positi 
tivation,  since  inoculations  quite  often  fai 
six  fetuses  they  detected  the  bacillus  ar 
Their  investigations  established  the  fac 
anthrax  is  not  transmitted  to  any  of  tht 
in  other  instances  the  disease  attacks  all 
it  affects  only  some  of  them.  At  all  ei 
penetrating  the  fetal  organism  is  extremt 
for  the  negative  results  obtained  by  the 
periments  of  Straus  and  Cliamberland  ga 
researches  which  confirmed  the  conclusic 
tlsts.  Such  were  those  of  Perroncity,  K 
Rosenblath,  and  Latis. 

There  are  also  some  interesting  obs 
Marchand  reports  the  case  of  a  woman  w 
hours  after  confinement,  and  her  child  si 
tion  four  dajm  later.  There  were  nume: 
and  ulcerations  in  the  chorionic  villi. 
which  bacilli  were  found  in  the  lui^  of 
n  suffering  from  anthrax.  In  two 
I  in  another  by  Morisani  the  results 
concluded  from  all  these  experiments  ant 
far  published  that  the  bacillus  of  anth 
placenta:  but  the  fact  is  far  from  being  ( 
bacilli  invading  the  fetus  is  always  very  I 
why  the  bacilli  were  not  found  by  micri 
in  a  few  cases. 

It  is  quite  difficult  to  determine  the 
transmission  of  anthrax.  At  any  rate, 
cases  of  this  kind,  statistics  can  give  i 
and  present  no  interest  from  a  scientifii 
anthracis  passes  into  the  fetus  in  a  va 
conditions  which  seem  apparently  identi' 
the  animals  react  differently,  according 
stances  which  are  often  very  difficult  to  e 
experiment  is  modified  by  various  condi 
The  experimenter,  therefo 
frequency  of  the  phenomenon,  should  € 
especially  how  it  is  produced.  We  are, 
Malvoz.who  attempted  to  explain  the  me 
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iicental  passage  of  anthrax  takes  place.  The  researches  of  this 
ithor  show  that  the  indispensable  condition  resides  in  the  existence 
f  placental  alterations.  Hence,  it  is  intelUgible  why  non-pathogenic 
mcrobes,  such  as  the  bacillus  prodigiosus,  are  incapable  of  passing 
Ihe  barrier.  The  same  is  true  of  inert  substances,  such  as  sulphate 
of  barium  and  India  ink;  if  other  bodies  can  pass  it  is  owing  to 
lesions  produced  by  solid  or  resisting  substances.  It  may,  therefore, 
be  said  in  conclusion  that  no  passage  of  figurate  elements  occurs 
without  alteration  in  the  placenta.  Moreover,  Malvoz  remarks  that 
the  bacilli  are  transmitted  to  the  fetus  more  easily  in  the  guinea-pig 
than  in  the  rabbit,  a  fact  which  is  explained  by  the  greater  frequency 
of  placental  alterations  in  the  former  of  these  animals. 

These  very  interesting  experiments  give  no  final  solution  of  the 
problem;  they  only  lead  to  the  investigation  of  the  conditions  which 
favor  placental  alterations  which,  under  apparently  identical  condi- 
tions, give  rise  to  different  lesions.  The  problem  is  undoubtedly  a 
difficult  one ;  but  it  is  a  satisfaction  to  have  its  terms  laid  down  and 
to  see  how  successive  discoveries  bring  out  new  complications  in  the 
({uestion. 

Inbaplacental  Transmission  of  Human  Infections.  We  have  thus 
far  considered  microbes  especially  attacking  lower  animals ;  we  now 
owne  to  those  which  are  of  greater  importance  for  human  pathology. 

Tie  study  of  the  streptococcus  is  extremely  interesting,  owing  to 
the  fact  that  it  is  the  most  frequent  agent  of  puerperal  septicemia. 
Loirain  had  already  observed  peritonitis  in  children  born  of  septic 
^omen.  The  observations  of  Simone,  Lebedeff,  Hanot,  Luzet,  Haus- 
kalter,  and  others  demonstrate  the  intraplacental  transmission  of  the 
streptococcus.  A  case  observed  by  the  author  seems  to  demonstrate 
that  the  death  of  the  fetus  does  not  occur  in  every  case.  A  woman 
suffering  from  measles  gave  birth  to  a  child  of  eight  months  weighing 
four  and  one-quarter  pounds.  The  author  obtained  a  pure  culture 
^f  streptococcus  with  the  blood  of  the  umbilical  cord;  the  child  had 
^  attack  of  icterus,  but  it  soon  recovered,  and  a  month  later,  when 
*  left  the  ward,  it  weighed  five  and  one-quarter  pounds.  It  had  not 
^y  withstood  the  streptococcic  infection  revealed  by  the  culture, 
•Steven  gained  a  poimd  in  weight. 

As  has  already  been  stated,  the  child  docs  not  seem  to  be  infected 
^  the  course  of  erysipelas.  In  twelve  cases  women  suffering  from 
c^pelas  were  delivered  at  full  term,  and  all  the  children  survived 
without  presenting  any  notable  disorder. 


— ravoivemeiiis.  I'^eiier,  who  puraueu  uiiereeimg  res 
subject,  reported,  in  1886.  the  transmission  of  the  pi 
guinea-pigs ;  of  four  fetuses  the  issue  of  a  contaminat 
contained  the  microbe.  Ajialogous  facts  have  been  o 
and  Uffreduzzi  in  the  rabbit  and  Ortmann  in  the  gi 
transmission  of  the  pneumococcus  is,  therefore,  poa 
as  well  as  in  the  human  species.  Thorner  reported 
the  mother  was  confined  at  full  t«rm  after  deferves 
monia;  the  child  succumbed  in  thirty-six  hours,  at 
revealed  hepatization  of  the  lower  left  lobe,  and  themii 
ination  detected  the  pneumococcus.  The  most  compl 
is  Netter's.  In  tljis  case  the  child  succumbed  after  f 
lapse  of  time  might  lead  to  the  suspicion  that  perhaps  i 
had  taken  place  after  birth.  However  that  may  be,  1 
very  marked,  consisting  in  hepatization  of  the  right  i 
ritic  and  pericardial  pseudomembranes  and  fibrinopu 
in  the  meninges.  This  was,  therefore,  a  case  of  infecti 
the  nature  of  which  was  demonstrated  by  bacteriol* 
tion;  the  generalization  of  the  lesion  is  readily  accou 
direct  entrance  of  the  morbid  germs  into  the  blood. 
investigations  may  likewise  detect  the  pneumococcus 
mothers  suffering  from  any  one  of  the  various  affecti 
be  produced  by  this  microbe.  Netter  cit«8  an  observ 
concerning  a  woman  who  died  of  a  suppurative  menir 
delivered  by  a  Cesarean  operation,  died  at  the  enc 
hours,  and  the  autopsy  showed  left  lobar  Dnpiimonit 
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infected  the  maternal  organism,  since  the  pathogenic  agent  had 
invaded  the  fetus  and  caused  its  death.  Friedlander's  microbe  also 
may,  according  to  Netter,  be  transmitted  to  the  fetus.  On  the  other 
hand,  Foa  and  Rattone  believe  that  it  favors  aViortion,  but  does  not 
pass  to  the  placenta.  In  pregnant  guinea-pigs  inoculated  through 
the  peritoneum,  abortion  occurred  within  thirty-six  or  forty-eight 
hours,  and  no  microbes  were  found  either  in  the  fetus  or  in  the 
placenta. 

ftlule  speaking  of  human  diseases  we  may  mention  typhoid  fever, 
lince  the  transmission  of  this  infection  to  the  fetus  seems  to  be  well 
demonstrated  by  recent  observations.  Eberth's  baciUua,  penetrate 
ing  directly  into  the  blood,  kills  the  fetus  by  inducing  septicemia. 
Tills  is  a  new  illustration  of  symptomatic  variations  which  may  be 
observed  according  to  the  age  of  the  subjects  or  the  mode  of  entrance 
(rfthe  virus. 

With  reference  to  cholera,  we  may  cite  an  observation  of  Tizzoni 
wd  Cattani  upon  a  woman  suffering  from  tliis  infection  who  gave 
birth  to  a  fetus  of  five  months.  In  this  case,  as  in  the  majority  of 
other  diseases,  microscopic  examination  did  not  detect  the  presence 
of  any  microbe,  while  cultivation  enabled  the  experimenters  to  find 
the  comma  bacillus. 

Recurrent  fever  has  also  been  known  to  be  transmitted  to  -the 
fetus,  and  in  this  instance  Spitz  was  able  to  (hscover  Obermeier's 
spirilla  in  the  embryo.  It  must  also  be  remembered  that  the  trans- 
inisaion  of  intermittent  fever  to  the  fetus  seems  to  have  been  estab- 
lished by  some  of  the  older  observers.  Stokes  recorded  the  case  of 
s  pregnant  woman  suffering  from  tertian  paroxysms  whose  child  had 
Mnvulaions  on  the  days  when  the  mother  enjoyed  apyrexia.  Pitres 
"Hi  Aubanais  have  seen  malarial  mothers  giving  birth  to  children 
*bich  presented  hypertrophy  of  the  spleen  and  febrile  paroxysms  on 
tee  same  days  and  hours  as  their  mothers.  Schurig,  Hoffman,  and 
'^itflsel  have  published  similar  observations.  Among  the  infectious 
'''Wases  the  pathogenic  agents  of  which  are  unknown  or  little  known 
"fi  may  cite  acute  articular  rheumatism  (Follack  and  Schaeffer)  and 
**Pecialtv  hydrophobia,  which  are  sometimes  transmitted  to  the 

The  transmission  of  the  hydrophobic  virus  was  first  demonstrated 
y  clinical  observation.  Lafosse  saw  a  rabid  cow  give  birth  to  a 
'^If  which  presented  the  first  symptoms  of  hydrophobia  three  days 
■t^r  birth.    Perroncito  and  Carita  have  recently  studied  this  ques- 
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tion  from  an  experimental  standpoint:  A  rabbit  which  had  been 
inoculated  with  hydrophobia  gave  birth  to  a  litter  of  four.   One  day 
prior  to  the  appearance  of  paralytic  symptoms  the  spinal  cord  rf 
two  of  the  yoimg  ones  was  inoculated  into  two  guinea-pigs,  one  of 
which  developed  hydrophobia,  the  other  resisted.    The  transmissiaQ 
of  the  virus  of  hydrophobia,  however,  seems  to  occur  but  exception- 
ally.   Moreover,  it  is  known  that  the  blood  has  nearly  alwaj's  been 
found  free  from  infecting  properties,  and,  on  the  other  hand,  it  is 
well  established  that  only  those  microbes  that  can  invade  the  blood 
are  capable  of  penetrating  the  placenta.    Several  experiments  were 
made  in  the  Pasteur  Institute  with  negative  results.    The  meduDa 
of  eight  of  the  yoimg  bom  of  hydrophobic  animals  were  inoculated, 
and  none  of  these  medullas  proved  virulent.    It  may,  of  course,  be 
objected  that  perhaps  in  the  fetus  the  virus  does  not  reside  in  tk 
nervous  centres.   This  objection  is  refuted  by  Zagarri's  experiments. 
This  author  operated  upon  fourteen  pregnant  females  inoculated  wifli 
the  fixed  virus ;  thirty-two  young  ones  were  thus  obtained  for  the 
experiments.    The  nervous  centres,  hver,  sometimes  the  entire  fetua 
were  used,  but  the  inoculations  practised  upon  rabbits  and  guinea- 
pigs  produced  no  results. 

Transmission  of  Eruptiye  Fevers. 

^^ogel,  Heine,  Rilliet  and  Barthez  published  several  cases  of  con- 
genital measles,  the  mother  having  been  attacked  before  confinement. 
Wt*  know  also  of  a  few  cases  of  congenital  scarlatina  recorded  by 
more  or  less  ancient  authors — Baillou,  Ferrario,  Portier,  and  others. 
Such  facts  must  be  very  rare,  since  the  author  has  never  obsen'ed  a 
case  of  congenital  measles  or  scarlatina. 

Congenital  Variola.  Variola  is  the  disease  which  has  furnished 
the  greatest  number  of  observations  of  congenital  infection.  The 
facts  observed  are  the  more  valuable,  as  the  child  on  coming  iBt<> 
the  world  sometimes  presents  characteristic  lesions  and  there  can, 
therefore,  be  no  doubt  as  to  the  nature  of  the  disease.  A  few  cases 
possess  the  certainty  of  an  experiment  and  have  served  purposes  of 
inoculation  vdi\v  positive  results  (Gervis,  Jenner).  Hereditary  van- 
ola  is  particularly  frequent  when  the  mother  contracts  the  disease 

• 

toward  the  end  of  gestation.  As  in  the  case  of  anthrax,  in  t^ 
births  the  contamination  of  only  one  of  the  infants  is  a  possible  event- 
In  the  observation  of  Kaltenbach,  a  woman  suffering  from  variol* 
was  delivered  of  three  children;  two  of  them  had  pustules,  the  thira 
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.ot.  Not  infrequently  the  variola  of  the  fetus  is  more  recent  than 
of  the  mother;  the  latter  may  be  convalescent  and  give  birth 
child  bearing  fully  developed  pustules.  In  a  few  cases  the  fetus 
contracted  the  disease  while  the  mother  remained  exempt, 
dly,  even  when  there  is  no  transmission,  properly  so  called,  and 
fetus  presents  no  alteration,  its  organism  may  have  been  pro- 
idly  modified  imder  the  influence  of  the  maternal  disease,  and 
5  it  is  born  vaccinated,  having  acquired  immunity  in  the  uterus, 
uch  are  the  results  admitted  by  all  classical  authorities.  My 
5rvations  are  not  in  harmony  with  the  descriptions  thus  far  given, 
ing  the  epidemic  of  1901,  eighteen  women  were  confined  in  our 
)ital.  The  children  never  presented  at  birth  the  slightest  erup- 
;.  One  of  them  manifested  no  disturbance  whatever,  and  flour- 
d.  The  others  appeared  at  first  to  be  exempt,  but  a  more  atten- 
observation  revealed  a  certain  number  of  disorders,  showing 
i,  notwithstanding  the  absence  of  easily  appreciable  symptoms, 
le  children  were  all  varioUzed.^  The  germ  of  variola  had  con- 
itly  passed  through  the  placenta.  Infection  was  produced 
ther  the  maternal  variola  was  discrete  and  curable,  as  was  the 
I  in  six  of  them,  or  fatal,  as  occurred  in  the  other  patients.  The 
jage  of  the  germs  is  rapidly  effected.  One  of  the  children  was 
1  a  day  before  the  mother  was  taken  sick;  another  a  few  hours 
r  invasion;  three  others  a  day  after.  In  eleven  cases  confinement 
iired  on  the  second  or  the  third  day  of  the  disease,  that  is,  a 
e  before  the  eruption  or  coincidently  with  it,  and  once  eight  days 
r.  Three  children  were  born  at  seven  months,  the  others  at  full 
a.  At  first  they  seemed  to  be  normal,  and  nothing  would  have 
jested  a  congenital  infection  if  their  temperatures  had  not  been 
m.  The  information  thus  obtained  was  unexpected.  All  these 
dren  were  hjrpo thermic ;  in  no  case  did  the  thermometer,  intro- 
ed  into  the  rectum,  rise  to  98.6°  F.  (37°  C);  in  most  cases  it 
ained  below  96.8°  F.  (36°  C).  In  some  instances  it  fell  rapidly 
17.8°,  86°,  and  even  82.4*^  F.  (31°,  30°,  and  28°  C).  This  hypo- 
tnia  seemed  to  express  a  profound  infection  which  had  over- 
Imed  the  organism.  If  the  child  is  sufficiently  resistant  and 
ible  of  reacting,  the  temperature  rises  and  may  reach  normal  or 
I  104°  F.  (40°  C).  In  the  latter  case  there  are  also  observed 
neous  manifestations  expressing  an  effort  of  the  organism  to 

Boger.    Variole  des  nouveau-n^.    Soc.  m6d.  des  h6pitaux,  March  29,  1901. 
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eject  tiie  morbid  etement.    According  as  these  reactions  q}pear  v 
are  absent  tiie  observations  may  be  divided  into  two  groups. 

The  first  group  contains  ax.  cases  in  which  the  children  ne- 
cumbed  without  presenting  any  symptom  indicative  of  vsrink 
A  woman  suffering  from  hemorrhage  variola  to  which  she  »■ 
cumbed  on  the  ei^th  day  had,  on  the  day  prior  to  the  mmii^  | 
^ven  birth  to  a  child  at  full  term  weighing  edz  and  one-half  ponnik 
At  the  time  ^en  the  child  was  admitted  to  our  wards,  that  ia  tbn 
days  after  birth,  it  presented  a  rectal  temperature  of  96  F.  (3S.6  C). 
It  was  suffering  from  a  slight  icterus,  which  became  aggravated  Ae 
following  day,  ^en  the  diild  succumbed  with  a  tempersture  of 
O6.40  F.  (35.8°  C).  The  second  case  was  that  of  a  child  born  it 
seven  months.  He  mother  had  a  discrete  variola  from  «4iidi  di 
easily  recovered.  The  child  was  bom  on  the  tiH 
day  of  the  mother's  disease,  the  day  following  the 
eruption.  Two  days  after  birth  it  developed  » 
slight  icterus.  Its  temperature  fell  on  the  fifth  dif 
to  86°  F.  (30"  C).  Tben,  as  if  a  reaction  was  «»a- 
ing,  it  rose  n^idly,  and  in  two  days  reached  98.6'  F. 
(37°  C),  when  the  child  died.  (Kg.  40.)  IheotliB 
cases  were  analogous.  Death  may  supervene  vtrf 
rapidly ;  thus  a  child  bom  at  seven  months  of  1 
mother  suffering  from  hemorrhagic  variola,  to  whitl 
she  succumbed  sixteen  hours  later,  lived  only  6vt 
hours.  Its  rectal  temperature,  taken  ten  minuts 
after  birth,  was  87.8°  F.  (31°  C). 

In  such  cases  the  symptomatology  coo^ts  in  ^ 
subnormal  temperature  and  icterus.  It  may,  there- 
fore, be  questioned  whether  we  are  not  in  the  pi* 
encR  of  weak  children  and  whether  we  have  anf 
right  to  speak  of  variolar  infection.  The  asalvs' 
of  the  second  group  of  cases  will  enable  us  to  anssff 
this  question.  We  shall  first  cite  the  case  of  a  chiM 
born  at  full  term.  Ilie  mother  developed  on  the 
day  of  her  confinement  the  first  symptoms  of  a  hemorrhagic  nif 
ola,  to  which  she  succumbed  on  the  eighth  day.  The  temperatui* 
of  the  child  at  first  oscillated  around  96.8°  F.  (36°  C);  it  rose  (» 
the  ninth  day  to  100.7°  F.  (38.2°  C),  to  fall  again  the  next  day  W 
98.6°  F.  (37°  C).  On  that  day  a  scarlatiniform  erythema  made  it* 
appearance  and  covered  the  whole  body,  being  more  marked  on  tJ* 
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lie  child  seemed  to  be  in  a  satisfactory  coadition,  but  it 
f  died  in  syncope  the  following  night.  In  the  other  obser- 
the  evolution  was  more  complete ;  it  terminated  in  the  devel- 

of  a  characteristic  eruption  which  in  most  cases  was  quite 
,  and  sometimes  remained  at  the  papulous  phase.  This 
i  in  four  cases. 

emperature  may  rise  as  high  as  in  tiie  adult.  A  child  had 
(4(P  C.)  on  the  tlurteentii  day  coincident  with  the  appearance 
'  papules  on  the  body.  Death  supervened  the  following  day. 
reral  cases  the  eruption  thus  remained  at  the  stage  of  papules, 
Kcause  the  evolution  was  suddenly  interrupted  by  death  or 

tiie  elements  were  rapidly  dried.  Purulent  transformation 
ble,  however.    A  well-developed  child  was  born  at  full  term; 


Congenital  VBriola. 

llier  had  suffered  for  three  daj^  from  hemorrhagic  variola,  to 
he  succumbed  six  days  later.  The  rectal  temperature  of  the 
*ich  was  95°  F.  (35°  C),  rose  on  the  following  days.  At  the 
ate  icterus  developed.  Then  a  febrile  movement  occurred  on 
hday,  during  which  the  temperature  reached  104"  F.  (40°  C). 
of  about  fifteen  papules  appeared  upon  the  back,  face,  and 

llie  child  emaciated  and  refused  the  bottle.  The  evolution 
niption  continued.  The  fever,  as  in  the  variola  of  the  adult, 
ise  again,  and  its  renewal  coincided  with  a  purulent  transfor- 

of  the  eruption.  This  fever  of  suppuration  was  suddenly 
)ted  on  the  twentieth  day  by  a  final  hypothermia.    (Fig.  42.) 

a  case  in  which  the  evolution  is  similar  to  that  in  the  adult, 
rs,  however,  in  two  important  characteristics — an  initial 
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hypothermia  and  discrete  eruption  contrastiog  strikingly  witli  tl» 
gravity  of  the  general  phenomena. 

Whatever  may  be  the  clinical  form  of  the  infection,  the  resulto 
shown  by  the  necropsy  are  fairly  uniform.  As  in  the  adult,  tbcie 
are  frequently  found  degenerations  of  the  liver  and  kidneys  and  amiS 
hemorrhages  on  the  surface  of  the  viscera,  notably  of  the  kidi>e)«. 
In  one  case  the  suprarenal  capsules  were  the  seat  of  a  diffuse  htnur- 
rhage.  Histolopcal  examination  reveals  profounder  lesions;  myo- 
carditis is  very  frequent  and  assimies  the  same  characters  as  in  the 
adult.    The  liver  is  profoundly  altered,  and  the  changes  in  lis  celb 


Congenital  variola. 


may  perhaps  account  in  part  for  the  frequency  and  persistenw  of 
hypothermia.    Although  grave,  the  disease  is  not  necessarily  latal. 
A  child  which  once  had  a  temperature  as  low  as  91.4°  F.  (33°  C.) 
recovered,    Tliis  favorable  evolution  is  probably  due  to  the  fact  AM 
the  mother  had  been  revaccinated  in  the  seventh  month  of  her  pif?' 
nancy.    Two  pustules  developed.    This  vaccination  was,  howevK> 
insufficient  to  establish  complete  immunity,  since  this  woman  fl* 
attacked  two  months  later  by  a  discrete  variola  from  which  sheeasft? 
recovered.    Confinement  took  place  at  full  term,  two  days  after  lb* 
onset  of  the  disease  and  twenty-four  hours  before  the  developroet*^ 
of  the  eruption.    The  child,  well  constituted,  weighed  six  and  on*^' 
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half  poim(k.  It  was  vaccinated  without  success  the  day  following 
its  birth.  In  spite  of  its  fine  appearance  and  the  fact  that  it  took 
Dmnshment  satisfactorily,  this  child  was  hypothermic;  its  rectal 
temperature  oscillated  around  95°  F.  (35°  C.)  and  even  fell  to  93.2°  F. 
(3i'  C).  Eleven  days  after  birth  the  temperature  suddenly  fell  to 
11.4'  F.  (33°  C).  In  the  evening  it  rose  to  99.2°  F.  (37.3°  C),  and 
teli^t  erythema  appeared  on  the  skin  with  three  papules,  two  on 
the  arm  and  one  on  the  neck.  Three  days  later  the  papules  were 
dry  and  the  child  seemed  convalescent,  but  on  the  sixteentti  day 
tfce  temperature  again  fell  to  95°  F,  (35°  C),  to  again  rise.  This 
ihennal  variation  coincided  with  the  appearance  of  a  second  eruption 
oufflsting  of  three  papules  situated  on  the  scalp,  the  thigh,  and  the 


Congenital  variola.     Recovery. 


e  of  the  same  side.    Two  days  later  two  new  papules  were  found 

tt  the  arm  and  three  upon  the  abdomen.    The  total  number  of 

^Hiptive  elemente  was  eleven.    The  general  condition  was  serious, 

but  the  child  took  nourishment  fairly  well.    The  following  days  the 

T^Kpnlea  dried,  and  an  improvement  seemed  to  follow,  but  on  the 

tuenty-fourth  day  a  new  hypothermia  was  observed  accompanied 

iiith  vomiting  and  diarrhea.    Under  the  influence  of  subcutaneous 

injectionB  of  artificial  serum  the  temperature  rose  and  reached  normal 

in  a  definitive  manner  on  the  thirty-first  day.    At  the  same  time  the 

••ttier  disturbances  disappeared  and  the  child  became  convalescent. 

™8  l»ief  description  showed  that  the  variola  of  the  newborn  differs 

'"tsUy  from  that  of  adulte.    It  is  announced  by  hypothermia,  which 
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18  in  some  cases  slight,  in  others  very  pronounced.  Jaundio 
(in  only  one  of  the  eleven  children  it  was  absent).  Tlien  ti 
tions  are  possible:  either  the  child  will  become  weak  an 
hypothermia,  without  presenting  other  symptoms,  or  else  an 
develops,  generally  coinciding  with  a  rise  in  temperature, 
times  consists  in  a  simple  rash,  but  more  often  presents  smaU 
The  eruption  recurs  several  times,  but  it  is  almost  alwi 
•discrete.  Among  those  who  succumbed,  three  only  had  an  a 
eruption.  Tlie  eruption  may  evolve  as  in  the  adult,  bu 
exceptional;  the  papules  do  not  suppurate,  but  soon  dry 
covered  with  small  crusts.  Recovery  is  exceptional,  and  deai 
venes  from  the  fourteenth  to  the  twenty-first  day  by  gradu 
ening  or  sjmcope.  The  profound  lesions  of  the  myocardiun 
the  sudden  termination. 

This  peculiar  evolution  of  congenital  variola  is  of  cam 
theoretical  interest.    In  fact,  it  recalls  the  description  of  v 
the  rabbit,  such  as  we  have  described  it  with  Dr.  Weil.    ^ 
by  many  examples  that  the  pathology  of  the  first  period 
often  analogous  to  the  pathology  of  animals.    Thus,  tub 
takes  a  course  in  young  diildren  similar  to  that  in  the  small 
utilized  in  laboratories.   The  same  is  perfectly  true  of  variola 
inoculated  with  variolar  pus  generally  succiunb  without  pi 
any  eruption;  when  they  present  any  it  consists,  as  in 
children,  of  a  limited  number  of  disseminated  papules  which 
covered  with  crusts  without  suppuration.   Like  children,  the 
become  emaciated  and  weakened  and  succumb  in  hypothei 
is  not  only  because  the  reactionary  modes  are  analogous  in 
born  and  in  animals  that  the  evolution  is  comparable, 
because  in  both  cases  infection  is  thorough  and  overwhelir 
animals  we  inject  relatively  large  quantities  of  the  virus;  in 
the  microbes  also  penetrate  in  large  numbers,  as  has  beei 
by  the  examination  of  the  amniotic  fluid.    The  study  of  tl 
leads  to  similar  conclusions.  From  the  child  who  died  three  ho 
birth  we  took  a  drop  of  blood  immediately  after  death.    Th 
examined  with  the  assistance  of  Dr.  Weil,  had  the  following 

Polynuclears 17.0  per  c 

Mononuclears 63.5  *' 

I-.arge  mononuclears 7.5  " 

Neutrophile  mononuclears 10.0  " 

Eosinophile  mononuclears 1.0  " 

Eosinophiles 0.5  " 

Irritation  cells 0.5  " 
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Hiere  were  also  found  a  great  number  of  nucleated  red  corpuscles. 

Without  dwelling  upon  theoretical  considerations  which  the  study 
of  variola  in  the  newborn  gives  rise  to,  the  author  believes  that  the 
knowledge  of  its  peculiar  evolution  is  of  certain  practical  interest. 
The  characters  of  the  fever  chart  and  of  the  eruption  impart  to  it 
a  particular  physiognomy  and  assure  it  a  separate  position  in  the 
dinical  forms  of  this  infection. 

Intraplacental  Transmission  of  Ohronic  Infections. 

It  now  remains  to  study  the  chronic  infections,  syphilis,  tubercu- 
kwis,  and  leprosy.  The  heredity  of  syphilis  has  been  more  thoroughly 
investigated  than  that  of  any  other  disease,  owing  to  the  fact  that 
in  this  malady  the  mode  of  contagion  is  in  general  easily  determined, 
^ihile  in  the  case  of  tuberculosis  interpretations  are  often  difficult. 
In  the  case  of  a  tubercular  child  the  question  may  always  be  raised 
Aether  it  inherited  the  disease  or  whether  it  was  infected  after  birth 
^rfiile  living  with  its  parents.  Of  course,  syphilis  may  also  be  con- 
tracted under  the  same  conditions,  but  then  the  existence  of  a  pri- 
nutfy  lesion  indicates  the  origin  of  the  infection  and  suffices  to  remove 
all  doubt.  Hereditary  transmission  of  syphilis  is  particularly  fre- 
quent when  both  parents  are  affected  and  the  disease  is  recent. 
After  two  or  three  years  infection  of  the  fetus  occurs  more  rarely, 
although  it  is  a  possible  event  for  a  long  period  of  time.  When  only 
<n)e  of  the  parents  is  contaminated  the  fetus  may  still  be  infected ; 
but  maternal  heredity  is  far  more  important  than  paternal.  The 
fether  less  surely  transmits  syphilis;  the  inoculations  practised  by 
Jfireur  have  established  in  fact  that  the  semen  is  not  virulent.  When 
fte  father  alone  is  contaminated  the  fetus  dies  toward  the  sixth  or 
seventh  month  and  pregnancy  is  terminated  by  miscarriage.  If,  how- 
ever, the  child  is  bom  at  full  term  it  is  often  found  to  be  free  from 
^  only  slightly  infected  by  the  disease  in  the  case  of  maternal 
^Tldulis.  Moreover,  some  recent  observations  tend  to  demonstrate 
*'^t  syphilis  may  be  transmitted  during  two  generations ;  this  is  what 
'^Its  from  the  facts  published  by  Lannelongue,  Fournier,  and 
-teenier. 

In  most  cases  the  mother  is  infected  before  or  during  the  fecun- 
dation; occasionally,  however,  she  contracts  the  disease  during  preg- 
^'icy.  What  happens  to  the  fetus?  This  question  has  been  va- 
^^Xisly  answered.  Mandrou  and  Kossowitz  have  denied  the  heredi- 
transmission  of  syphilis  after  conception,  while  Cullerier  is  of 

38 
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the  opposite  opinion.    It  seems  that  it  may  really  occur,  but  odIj 
when  the  infection  has  been  acquired  before  the  sixth  (Ricord)  or 
the  seventh  month  (Albernethy,  Kdoux).    After  this  epoch  the  feim 
remains  exempt,  and  this  may  readily  be  accounted  for  by  the  fact 
that  at  the  beginning  of  infection  syphilis  remains  localized  at  tie 
point  of  inoculation,  and  does  not  pass  the  limits  of  the  l}rmphatie 
system. 

The  manifestations  of  hereditary  syphilis  have  been  divided  by 
Foumier  into  two  groups  according  as  there  is  transmission  of  the 
virus  or  parasyphilitic  symptoms  appear.  In  the  former  instance  the 
manifestations  are  similar  to  those  in  the  adult;  the  difference  con- 
sists only  in  the  absence  of  the  initial  lesion,  which  fact  is  due  to 
the  direct  infection  of  the  blood.  This  mode  of  penetration  of  the 
pathogenic  agent  Ukewise  explains  the  great  rapidity  of  the  evolution 
and  the  consequent  confusion  of  the  phenomena  which  it  is  still 
customary  to  divide  into  secondary  and  tertiary.  We  hardly  need 
recall  that  syphilitic  accidents  may  appear  at  very  different  periods 
of  life ;  sometimes  clinically  appreciable  manifestations  exist  at  the 
time  of  birth;  more  frequently  they  appear  toward  the  sixth  week; 
at  times  they  appear  tardily  at  the  age  of  thirteen  or  even  fifteen 
or  twenty  years  of  age.  ParasyphiUtic  manifestations  shall  be 
studied  later  in  connection  with  nutritional  disturbances  which  may 
occur  in  other  infections. 

Tlie  history  of  syphilis  likewise  furnishes  the  solution  of  several 
problems  which,  from  the  standpoint  of  general  patholog>^  are  of 
great  interest.  Although  it  is  the  mother  who  commonly  transmits 
the  disease  to  her  product,  there  are  incontestable  cases  in  which  it 
has  been  inherited  from  the  father,  the  mother  remaining  absolutely 
sound.  Even  in  such  a  case,  however,  the  maternal  organism  i§ 
modified.  Tlie  woman  who  gives  birth  to  a  syphiUtic  child  may 
suckle  it  with  impunity,  since  she  is  in  no  danger  of  contagion.  Ho^ 
is  this  fact  to  be  interpreted?  Is  the  maternal  organism  impregnatf^ 
by  products  secreted  by  the  microbe  of  syphilis?  Or  is  it  a  case  of 
slight  syphilis  remaining  latent,  perhaps  localized  in  the  uterus,  as 
has  been  argued  by  Frankel? 

AA'hat  has  been  demonstrated  as  true  of  syphilis  is  less  evident  wit^ 
regartl  to  tuberculosis.    There  is  one  fact  which  seems  to  be  w^ 
demonstrated,  viz.,  that  individuals  of    tubercular  parentage  ^ 
often  attacked  by  tuberculosis  at  a  more  or  less  advanced  sta^ 
This  idea  is  very  old,  for  Hippocrates  admitted  the  heredity 
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uhisis.  Recent  statistics  give  a  more  precise  idea  of  the  trans- 
aaon  of  the  disease  in  families.  The  statistics  of  Brehmer  in  the 
Ditarium  of  Gorbersdorf  and  those  of  Detweiler  in  Falkenstein 
resent  identical  results,  36  per  cent,  in  the  former's  statistics,  which 
lere  based  upon  13,000  patients;  35  per  cent,  in  the  latter's,  which 
avolved  a  study  of  6000  cases.  Hereditary  tuberculosis  may  become 
nanifest  at  any  age;  but,  contrary  to  what  was  once  believed,  it 
B  not  rare  during  early  childhood.  We  owe  to  Dr.  Landouzy  our 
tnowledge  of  the  fact  that  the  victims  of  tuberculosis  during  the 
iret  two  years  of  life  are  very  numerous.  While  the  fact  is  incon- 
estable,  its  interpretation  is  diflScult.  We  find  ourselves  in  the 
iresence  of  two  diametrically  opposite  theories.  As  has  already  been 
tated,  some  believe  that  the  bacillus  is  transmitted,  others  that  it  is 
he  soil.  On  the  one  hand  it  is  asked  how  it  is  possible  for  the  father 
0  transmit  tuberculosis  to  the  fetus  without  contaminating  the 
notiier,  and  how  may  inherited  tuberculosis  remain  latent  for  years 
md  become  manifest  at  an  advanced  age.  On  the  other  hand,  the 
xample  of  syphilis  is  cited  to  explain  these  facts :  the  occurrences  are 
imilar  in  both  cases,  and  why  should  we  not  admit  for  tuberculosis 
Aatis  true  with  regard  to  syphilis?  Such  is  the  reasoning.  Let 
B  now  consider  the  results  of  clinical  observation  and  experimen- 
Ktion. 

There  are  some  observations  on  record  in  which  children  suc- 
umbed  so  rapidly  that  it  is  hardly  possible  to  presume  a  contagion 
fter  birth.  But  these  facts  may  leave  some  doubt  in  the  mind,  since 
niust  be  admitted  that,  in  a  child  predisposed  by  heredity,  acquired 
iberculosis  may  nm  a  rapid  course  and  prove  fatal  in  a  few  weeks, 
his  would  be  an  evolution  similar  to  that  which  is  observed  in 
limals  inoculated  in  laboratories.    The  same  thing  may  not  be  said 

those  cases  in  which  tubercular  lesions  were  found  in  stillborn 
tuses.  Some  such  facts  have  been  observed  in  the  human  species, 
be  first  observations  are  due  to  Ollendorf,  Peter,  S.  Charrin,  and 
BTti,  and  belonged  to  an  epoch  when  Koch's  bacillus  was  yet 
iknown.  More  important  is  the  observation  of  Sabouraud :  a  child 
ffnof  a  mother  suffering  from  acute  miUary  tuberculosis  succumbed 
*ven  days  after  birth.  At  the  necropsy  the  liver  and  spleen  were 
und  full  of  tubercular  granulations  in  which  the  presence  of  the 
fifacteristic  bacillus  was  detected.  In  an  observation  reported  by 
i^anni  the  liver  and  spleen  of  a  fetus  issued  of  a  tubercular  mother 
^  inoculated  into  guinea-pigs  and  gave  tuberculosis  to  these  ani- 


tubercles  in  newborn  calves.  While  most  of  these 
regarded  as  doubtful,  since  no  mention  is  made  of  t 
Koch's  bacillus,  such  criticism  cannot  be  addressed  t 
tions  of  Johne,  Do  Malvoz,  and  Brouwier.  In  fetuses  f 
cows  these  authors  not  only  found  tubercles  but 
Misselwitz  and  Bang  have  reported  similar  facts. 

To  complete  the  data  of  observation  it  was  necesas 
experimentation.  The  results  obtained  seem  to  be  i 
tradictorj'.  To  the  positive  findings  of  Landouzy  a 
opposed  negative  results  of  other  experimenters, 
hand,  De  Eenzi,  who  experimented  u[>on  eighteen  pr 
l»igs,  found  tubercles  in  the  fetus  five  times.  In  order 
be  contamination,  the  inoculation  must  be  practised 
four  days  before  the  birth  of  the  young.  In  sevei 
perished  in  marasmus  without  becoming  tuberculous, 
final  solution  may  be,  the  results  obtained  in  guinea-] 
be  applied  to  man,  as  there  is  no  proof  that  the  same 
For,  by  inoculating  the  white  mouse,  Gartner  found  tli 
bacillus  passed  to  the  fetus,  and  the  same  experin 
bacilli  infecting  the  eggs  of  tubercular  canary  birds,  i 
was  negative  in  hens. 

A  last  question  is  whether  a  tubercular  father  maj 
cular  child ;  in  other  words  whether  the  semen  may 
for  the  bacilli.    As  to  this  point  there  seems  to  be  nt 
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hat  would  become  of  this  bacillus  or  of  the  ovum — ^the  bacillus 
ri^t  not  proliferate  or  the  ovum  might  be  killed  by  the  microbe, 
lul  thus  not  be  developed.  It  is  true  that  Baumgarten  believes  that 
he  tissues  of  the  fetus  and  of  the  newborn  oppose  a  considerable 
wistance  to  the  infectious  agent,  and,  to  explain  tardy  hereditary 
wberculosis,  he  contends  that  the  bacilli  may  long  sojourn  in  the 
jmphatic  glands  and  the  bone-marrow  without  causing  any  disturb- 
ince.  Later,  under  the  influence  of  some  occasional  cause — an 
Jiflammation  or  a  traimiatism — the  tissues  lose  in  some  degree  their 
ritality  and  are  attacked  by  the  microbes.  This  conception  is  sup- 
ported by  the  researches  of  Landouzy  and  Martin  and  by  the  more 
recent  investigations  of  Birch-Hirschfeld  and  Schmorl.  These 
luthors  demonstrated  that  in  fetuses  of  tubercular  mothers  the 
H)parently  sound  organs  sometimes  contain  the  specific  bacillus. 
Haffucci's  experiments  may  also  be  adduced  in  support  of  tardy 
inherited  tuberculosis.  This  author,  by  inoculating  various  microbes 
into  the  eggs  of  hens,  noticed  that  infection  did  not  become  manifest 
until  some  time  after  the  eggs  were  hatched. 

When  a  fetus  of  a  mammalian  is  born  with  tubercular  lesions  the 
latter  present  some  interesting  pecuUarities.  Congenital  differs  from 
icquired  tuberculosis,  not  in  the  anatomical  characters  of  the  tuber- 
sles,  but  in  their  localization.  The  liver  is  the  organ  most  frequently 
ind  seriously  involved,  owing  to  the  fact  that  the  bacilli  conveyed 
ihrough  the  umbilical  vein  first  colonize  in  the  liver. 

In  brief  such  are  the  principal  facts  which  may  be  advanced  pro 
ind  con  in  the  doctrine  of  hereditary  tuberculosis.  In  spite  of  the 
peat  number  of  works  published  on  this  subject,  the  answer  to  the 
piestions  which  we  had  to  solve  has  not  yet  been  given.  It  seems 
»  be  perfectly  well  demonstrated  by  the  observations  of  Landouzy, 
Jueyrat,  Hayen,  Damaschino,  and  Lannelonguo  that  tuberculosis  is 
ar  from  rare  in  yoimg  children,  and  that  children  born  of  infected 
Mttents  are  attacked  by  the  disease  with  alarming  frequency.  The 
fansmission  of  the  bacilli  is  also  established  by  a  few  observations; 
'Ut  facts  of  this  kind,  when  submitted  to  severe  criticism,  as  was 
Iwie  by  Dr.  Kiiss,  appear  to  be  altogether  exceptional.  In  the 
■^jority  of  cases  parents  suffering  from  tuberculosis  transmit  to 
teir  children  nothing  more  than  a  predisposition  to  contract  the 
feease.  The  children  are  born  vaih  paratubercular  alterations,  and 
onie  of  their  organs  do  not  attain  full  development.  But  they  aro 
^^  tuberculous.    Schreiber,  Hutinel,  and  Landouzy  injected  tuber- 


gether  exceptional.  It  is  well  to  note,  however,  that 
single  case  in  which  bacteriological  examination  was  n 
instances  marriage  of  leprous  individuals  leads  to  ster 
and  non-viability.  Tlie  children  are  weak  and  cad 
under  age. 

Dystrophies  of  Infectious  Origin.  Infection  of  th 
particularly  chronic  infection  of  the  mother,  may  im 
fetus  a  defective  nutrition.  The  result  is  a  series  of 
which  may  be  included  under  the  name  of  parainfeet 
cases  one  of  the  two  parents  is  convalescent  from  a  mo 
infection  at  the  moment  of  conception;  the  product  i 
ling,  developed  imperfectly  and  predisposed  to  co 
infections,  notably  tuberculosis.  In  syphilis  especi 
examples  of  parainfectious  disorders  are  observed, 
has  made  a  perfect  study  of  these  which  we  shall  su 
words. 

In  the  first  place,  there  is  a  fetal  cachexia  which  c 
a  more  or  less  advanced  period  of  gestation.  If  the 
die  it  may  be  born  prematurely;  at  all  events  it  comes 
as  a  weakling  which  develops  very  slowly.  The  dy 
pressed  after  birth  by  incomplete  growth;  evolutioJ 
the  teeth  do  not  appear  at  the  regular  periods;  th' 
puberty  are  delayed;  menstruation  is  not  establisbei 
absent.  The  individual  remains  imperfectly  developi 
organs,  testicles,  and  penis  are  rudimentary;  the  boM 
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der  or  of  infectious  origin.  Although  Parrot  erred  in  considering 
^ekets  a  manifestation  of  syphilis,  there  is  no  doubt  that  this  affec- 
ion  is  very  frequent  among  children  of  syphihtics.  In  this  case, 
lowever,  the  manifestation  is  of  the  paraspecific  kind:  syphilis  has 
amply  played  the  role  of  a  predisposing  cause.  Its  influence  in  the 
H)pearance  of  nervous  affections,  such  as  Little's  disease,  or  in  the 
more  or  less  early  development  of  tuberculosis  and  in  the  occurrence 
of  meningitis  should  be  interpreted  in  this  manner. 

What  we  have  stated  in  regard  to  syphilis  may  be  repeated  with 
reference  to  tuberculosis.  We  find  the  same  difficult,  incomplete, 
and  slow  development  in  children.  Their  stature  may  sometimes  be 
high,  but  their  bones  are  fragile,  their  articulations  are  clumsy,  their 
muscles  thin.  The  skin  is  thin  and  transparent;  the  hair  long  and 
oiky;  the  genital  organs  imperfectly  developed;  the  fingers  are  slen- 
der, and  the  nails  hjrpertrophied.  The  thorax  is  flat  and  narrow ;  the 
lungs  small  and  often  emphysematous;  the  liver  is  lobulated.  Breh- 
mer  and  Beneke  have  noted  the  weakness  of  the  arterial  system, 
•Wcture  of  the  aorta  and  of  the  pulmonary  artery.  These  children 
•re  predisposed  to  chlorosis  and  hysteria.  Some  of  them  succumb 
very  young,  being  carried  off  by  convulsions.  It  is  not  rare  to 
observe  several  children  die  under  age,  before  tuberculosis  has  clearly 
numifested  itself  in  the  parents. 

Congenital  Predisposition  and  Immunity. 

Heredity  accounts  for  a  great  number  of  facts  concerning  predis- 
position and  immunity.  Some  families  contract  certain  infectious 
diseases  with  the  greatest  facility  and  during  several  generations. 
Certain  families  are  particularly  subject  to  tuberculosis,  diphtheria, 
scarlatina,  or  erysipelas.  On  the  other  hand,  there  are  immunities 
of  families,  communities,  and  races.  It  is  certain,  for  example,  that 
^  infections  imported  into  countries  where  they  were  unknown 
pfove  extremely  fatal.  Such  is  the  case  with  syphilis  and  the  erup- 
tive fevers.  On  the  European  Continent  these  diseases  are  relatively 
l^nign,  owing  to  ancestral  impregnation.  There  is  created  in  indi- 
^duals  a  certain  degree  of  immunity,  or  at  least  resistance,  which  is 
t^^mitted  to  successive  generations. 

This  leads  us  to  study  the  immunity  which  may  be  acquired  by 
the  fetus  in  ulero.  As  has  been  remarked  by  Vaillard,  two  events 
^  possible :  the  mother  may  contract  the  disease  during  gestation, 
^^  one  of  the  two  parents  may  be  diseased  before  fecundation.    In 
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the  former  case  the  fetus  participates  in  the  disease  either  because 
the  microbes  pass  through  the  placenta  and  invade  it  or  because  tbe 
placenta  forms  a  perfect  filter  against  the  figurate  elements  and 
allows  only  the  soluble  products  to  pass.  Then  disease  of  the  fetus, 
complete  or  incomplete,  occurs,  and  the  immunity  is  similar  to  that 
established  in  the  adult.  In  the  latter  case,  on  the  contrary^  the 
disease  having  been  cured  at  the  moment  of  conception,  there  is 
merely  transmission  of  an  acquired  character.  The  inununity  con- 
ferred upon  the  fetus  by  a  disease  of  the  mother  is  a  result  estab- 
lished by  nimierous  observations.  As  has  already  been  stated,  a 
child  born  of  a  mother  afflicted  by  variola,  and  coming  into  the  world 
without  any  appreciable  manifestation  of  the  disease,  may  neverthe- 
less have  acquired  immunity  against  this  infection.  Vaccinia  be- 
haves in  the  same  manner,  at  least  in  certain  cases,  since  the  results 
are  quite  variable.  Burckhard  experimented  upon  eight  children; 
four  of  them  were  born  of  women  who  had  been  successfully  vac- 
cinated during  gestation.  The  children  proved  immune,  one  of  them 
continuing  to  be  so  at  the  end  of  six  months.  In  two  cases  revac- 
cination  gave  a  doubtful  result,  and  one  of  the  two  children  born  of 
these  women  proved  refractory.  The  author  likevdse  observed  that 
one  of  the  two  children  born  of  mothers  who  had  been  revaccinated 
without  success  at  the  end  of  their  pregnancy  proved  refractor)'. 
The  results  obtained  by  Chambrelent  were  almost  identical.  This 
author  vaccinated  forty  women;  he  obtained  a  true  vaccinia  m  the 
children  only  seven  times.  We  find  quite  difi'erent  figures  in  Behm's 
researches.  Out  of  twenty-nine  children  observed  by  this  author, 
only  two  proved  refractory.  Finally,  Wolff,  having  successfully 
vaccinated  seventeen  women,  vaccinated  \vith  equal  success  all  the 
children  from  one  to  six  days  after  birth.  On  the  other  hand,  Lopp 
observed  vaccinal  immunity  in  children,  but  this  immunity  did  not 
last  more  than  from  six  to  eighteen  months.  Tliese  contradictor)' 
results  point  to  the  conclusion  that  vaccinal  immunity,  like  infection 
itself,  is  transmitted  only  in  about  half  the  cases. 

One  of  the  human  diseases  which  has  served  most  for  the  study 
of  these  important  questions  of  general  pathology  is  syphilis.  ^^^ 
have  already  pointed  out  that  a  woman  bearing  a  S3TDhiUtic  fetu-S 
even  when  she  does  not  contract  the  disease,  becomes  immune 
against  the  infection;  she  may  with  impunity  suckle  her  child  which 
would  contaminate  a  strange  nurse.  This  is  what  is  called  Collet 
law.    This  law  is  confirmed  by  an  experiment  of  Caspary :  A  woman 
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ndated  by  a  syphilitic  man,  who  was  apparently  cured,  aborted 
he  sixth  month.  The  mother,  who  had  presented  no  specific 
lifestations  at  any  time,  consented  to  be  inoculated,  and  proved 
e  immime.  In  other  cases  the  result  is  different :  the  fetus  does 
commimicate  immunity  to  the  mother,  but  the  disease  itself. 
\  is  called  syphilis  by  conception,  Diday  was  one  of  the  first  to 
V  attention  to  these  facts,  the  number  of  which  at  present  is 
e  considerable.  Syphilis  by  conception  runs  its  course  like  con- 
tal  syphilis.  In  both  instances  infection  is  effected  through  the 
id.  The  pathogenic  agent  penetrates  directly  the  circulatory 
em.  Hence,  the  absence  of  all  primary  manifestations.  A  preg- 
t  woman  will  then  present  symptoms  of  secondary  syphilis  with- 
ever  having  either  chancre  or  enlargement  of  the  lymphatic 
ds. 

pofeta  has  formulated  a  law  similar  to  that  of  Ciolles.  If  a  child 
I  of  a  syphilitic  mother  is  found  in  sound  condition  it  has  acquired 
lunity  against  syphilis  and  does  not  contract  it  through  the  milk 
ffesses  of  the  mother.  This  is  a  result  analogous  to  that  observed 
ther  infections,  for  example,  variola. 

mong  the  experimental  diseases  anthrax  is  the  one  that  has  been 
jubject  of  the  most  interesting  investigations  bearing  upon  these 
itions.  Chauveau,  after  having  inoculated  Algerian  sheep  at  the 
of  gestation,  observed  that  the  young  born  of  them  presented 
Qorbid  symptoms  when  they  were  inoculated  with  the  bacillus, 
is  a  new  illustration  of  the  immimity  which  may  be  acquired 
he  fetus.  Anthrax  has  also  been  employed  to  demonstrate  ex- 
nentally  the  truth  of  CoUes'  law.  Lingaard  inoculated  this 
ise  into  fetuses  of  rabbits  while  yet  in  the  uterus.  The  young 
,  while  in  most  cases  the  mothers  survived.  Microscopic  exam- 
ion  and  cultivation  revealed  no  bacilli  in  the  maternal  organisms, 
yet  the  animals  had  acquired  perfect  inmiunity,  which  still 
isted  at  the  end  of  eight  months.  The  fact  is  the  more  interest- 
as  all  experimenters  are  aware  how  difficult  it  is  to  vaccinate 
rabbit  against  anthrax.  Moreover,  Lingaard  established  that,  in 
r  to  confer  immimity,  the  fetus  must  be  inoculated  at  least 
y-six  hours  before  its  expulsion;  the  other  fetuses  may  become 
ictory  if  the  inoculated  yoimg  remain  six  days  in  the  uterus, 
ome  instances,  as  in  syphilis  by  conception,  the  mother  contracts 
ffax  infection;  but  then  placental  alterations,  through  which  the 
«ge  of  the  bacilli  may  be  traced,  exist.    When  the  mother  resists 


anthrax.  It  is  at  present  known  that  the  placenta  i 
traversed  by  anthrax  bacilli,  and,  therefore,  Chauve; 
have  been  questioned.  It  has  been  asked  whether  con 
ity  is  not  due  to  the  passage  of  the  bacilli  which  a 
number  to  kill  tlie  fetus,  but  sufficient  to  vaccina 
objection  Chauveau  answered  that  the  passage  of  tJie 
the  placenta  is  an  inconstant  phenomenon,  while  in 
ments,  forty  in  number,  the  young  had  acquired  imi 

The  most  important  experiments  from  the  standpoL 
transmission  of  immunity  are  those  in  which  animals ' 
by  hving  microbes  or  by  soluble  products  more  or  1 
fecundation.  The  experiments  pursued  with  sympt 
had  already  demonstrated  that  animals  born  of  mot! 
even  some  time  before  fecuntiation  often  prove  refrs 
Cornevin,  Thomas), 

Studying  the  transmission  of  immunity  in  anin 
against  vegetable  poisons,  such  as  abrin  and  ricin,  or  i 
Ehrlich  arrived  at  the  following  conclusions:  Tlie  I 
communicate  immunity  to  his  offspring;  the  mothei 
transitory  immunity  which  lasts  three  or  four  weeks  a 
niitted  from  generation  to  generation.  This  is  a  paj 
due  to  intraplacental  passage  of  antitoxin  contained 
organism,  By  studying  diphtheria,  Wernicke  rei 
results.  On  the  other  hand,Tizzoni  and  Centanni,exp( 
tetanus  and  hydrophobia;  Charrin  and  Gley  with  tl 
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filiated  father  and  a  normal  mother  never  presented  the  slightest 
degree  of  resistance.    The  vaccinated  females  invariably  communi- 
cated to  their  offspring  the  immunity  which  they  had  acquired.    But 
iminunity  thus  transmitted  is  not  permanent.    It  may,  however,  be 
prolonged  by  lactation;  the  mammary  secretion  furnishes  some  anti- 
dote to  the  nursling.    This  second  factor  seems  to  play  the  more 
important  rdle.    The  researches  of  Vaillard  tend  to  show,  however, 
that  we  must  not  rely  too  much  upon  lactation,  for  milk  is  active 
only  in  certain  animal  species,  the  mouse,  for  example. 

Three  theories  have  been  advanced  to  explain  the  intrauterine 
transmission  of  inmiunity.  Duclaux,  Arloing,  and  especially  Charrin 
and  Qley  have  advanced  a  cellular  theory.  According  to  these 
authors  the  cells  acquire  a  certain  activity  under  the  influence  of 
vaccination;  the  cells  of  generation,  influenced  like  the  other  cells, 
impart  their  mode  of  life  to  the  being  which  is  developed ;  the  daugh- 
ter cells  continue  the  physiological  activity  of  their  mother  cells, 
and,  like  these,  they  are  capable  of  secreting  germicidal  or  anti- 
toxic substances  and  exercising  phagocytic  action.  This  theory 
^U  explains  the  transmission  of  immunity  by  the  father ;  but  we 
bow  that  the  view  is  disputed  and  rejected  by  the  majority  of 
authors. 

The  second  theory  is  that  of  Ehrlich,  according  to  which  the 

immunity  of  the  fetus  is  due  to  the  passage  through  the  placenta 

of  antitoxic  and  germicidal  substances  from  the  mother.   This  theory 

would  evidently  be  annihilated  if  it  was  demonstrated  some  day  that 

the  father  also  may  transmit  immunity.    According  to  Ehrlich,  the 

mother  alone  has  this  power,  and  the  immunity  of  the  fetus  is  a 

passive  one,  analogous  to  that  obtained  outside  of  the  uterus  by 

means  of  serumtherapy.    Vaillard  admits  the  j)assage  of  the  active 

substances  of  the  serum  through  the  placenta,  but,  followdng  the 

ideas  of  Metchnikoff,  he  does  not  accept  the  theory  that  immunity 

18  effected  only  by  means  of  the  fluids  of  the  organism.    He  remarks 

^at  there  is  not  always  a  relation  between  the  state  of  the  fluids 

^d  the  degree  of  immunity  and  believes  that  the  active  substances 

^'  the  mother,  passing  through  the  placenta,  stimulate  the  fetal 

^iSaoism,  render  the  cells  insensible  to  intoxication,  increase  the 

^^^  of  the  phagocytes,  and  even  give  rise  to  the  secretion  of  anti- 

^^ius.    This  is  to  extend  to  the  fetus  the  general  theory  which  is 

.^^pted  by  some  authorities  concerning  immunity.    Without  dwell- 

^  Upon  the  discussion,  we  shall  only  note  that  the  present  tendency 
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is  to  attribute  imniunity,  as  has  already  been  maintained  by  Cbau- 
veau,  to  the  intraplac«nta!  passage  of  soluble  substances.  Felal 
immunity  is  comparable  to  that  produced  by  a  preventive  injection 
of  serum;  it  is,  perhaps,  a  little  more  lasting,  since  the  impregnatioo 
is  longer,  but,  like  all  passive  immunity,  it  rapidly  disappears. 

Oonclosions.    Summing  up  the  principal  results  arrived  at,  ve  em 
that  several  results  are  possible.    In  some  cases  the  microbes  produce 
in  the  fetus  a  graver  infection  than  that  of  the  mother.    By  vitc- 
cinating  pregnant  sheep  we  often  see  the  fetus  die  and  expelled  bv 
an  abortion.    The  death  of  the  fetus  killed  by  the  infection  whicSi 
is  resisted  by  the  mother  explains  a  certain  number  of  abortions 
observed  in  the  human  species,  for  example,  in  pneumonia,  tj-phoW 
fever,  and  sj-philis.  ' 

Not  infrequently,  the  fetal  disease  is  similar  to  that  of  the  adi*^^- 
Such,  in  some  ca^es  at  least,  are  variola  and  ayphiha.     In  otl»*r 
instances  the  fetal  affection  differs  not  by  its  anatomical  charactf  :»~Si 
but  by  its  peculiar  localization.    Such  is  the  case  in  congenital  tuber- 
culosis, which  invades  particularly  the  Uver.    It  may  be  said  that    in 
almost  all  fetal  infections  the  liver  is  most  profoundly  affected  JL»3d 
contains  the  greatest  number  of  pathogenic  agents.    This  is  readily 
conceivable  in  view  of  the  fact  that  this  gland  is  placed  like  a  barrier 
at  the  root  of  the  bloodvessels  coming  from  the  placenta.    There  are 
diseases  in  which  the  fetus  contains  pathogenic  microbes  without  the 
existence  of  any  appreciable  lesions.    Thus,  as  has  already  been 
stated,  in  anthrax  the  blood  does  not  present  the  agglutinating  char- 
acter which  is  so  manifest  in  the  adult.    In  typhoid  fever  the  fete 
does  not  present  the  alterations  in  Peyer's  patches  nor  splenic  hj-pcr- 
trophy. 

It  is  also  possible  that  a  child  bom  of  an  infected  mother  presents 
at  bu-th  no  morbid  manifestations,  but,  after  several  years,  sjtnp- 
toms  of  this  infection  may  become  manifest.    This  has  been  demon- 
strated in  syphilis,  and  is  supposed  to  be  true  of  tuberculosis,  in 
other  instances  the  infections  of  the  parents  may  impose  \i\K)n  the 
fetus  an  abnormal  mode  of  nutrition  which  may  persist  throughoui 
life.    Dystrophies,  congenital  malformations,  and  predisposition  to 
the  most  varied  infections  may  result.    However,  infections  of  the 
parents  do  not  alwaj-s  produce  distin"bances  in  the  children.    There 
are  cases  in  which  heredity  is  not  evidenced  by  any  morbid  symp- 
toms.  In  these  instances  the  child  may  be  influenced  by  t^e  maternal 
disease  and  acquire  immunity.     This  intrauterine  vaccination  is 


CONGENITAL  INFECTIONS  AND  HEREDITY, 


606 


inconstant.    In  a  last  category  of  cases,  we  place  those  instances  in 

'whicli  the  child  comes  into  the  world  uninfluenced  by  the  parental 

disease. 

Such  are  the  principal  eventualities  that  may  be  observed.    We 

»e  that  the  results  are  widely  variable,  from  the  grave  and  rapidly 

fatal  infection  to  the  absence  of  all  symptoms,  and  even  of  all  morbid 

impregnation. 


CHAPTER  XXL 

DIAGNOSIS  AND  PROGNOSIS  OF  INFECTIOUS  DISEASB8L 

Various  Procedures  of  Diagnosis.  Clinical  Procedures.  Bacteriological  ProeedvM. 
Research  of  Pathogenic  Agents  by  Ificroscopic  Examination  and  by  Cuhinlifli. 
Inoculations  from  a  Diagnostic  Standpoint.  Qjrtologieal  Eramination  of  the  Bloo^ 
Fluids,  and  Exudates.  The  Vesicatoiy  Test.  Diagnosis  According  to  CbenU 
Modifications  in  Fluids.  Research  of  Agglutination.  Modifications  in  the  UiiaMj 
Secretion.  The  Diaso  Reaction.  Diagnosis  by  Therajieutics.  Diagnosis  by  lOcwMi 
Toxins.  Tuberculin  and  Mallein.  Diagnostic  Problems.  Questions  Coneemiiigthi 
Seed  and  the  Soil.  Importance  of  a  Complete  Diagnosis  for  Prognosis.  The  Btfii 
of  Prognosis.  Personal  Statistics:  Mortality  in  8832  Cases  of  Infectious  DiMM. 
Influence  of  Age  and  Sex  upon  Mortality.  Variation  of  Gravity  Aceonfiag  to 
Various  Epidemics.  Importance  of  Etiological  Conditions  and  of  Mode  of  IniwHi. 
Bases  of  Prognosis  during  the  Stationary  Period.  Study  of  the  Locsl  Leaoit 
General  Phenomena,  and  State  of  the  Principal  Organs.  Importance  of  Fkevioai 
Diseases  and  Lesions  for  Diagnosis.  Prognosis  for  the  Present,  for  the  Fittuic,  ni 
for  the  Descendants.    Comparison  of  Clinical  and  Bacteriological  Methods. 

There  are  two  methods  for  establishing  diagnosis — one,  clioiealr 
the  other  the  laboratory  method.  The  clinical  method  eoDSsts  in 
inquiry  as  to  the  sensations  experienced  by  the  patient,  the  disturb- 
ances that  may  be  seen,  and  the  physical  signs  that  may  be  detected- 
It  is  customary,  however,  to  complete  the  information  thus  obtained 
by  two  more  scientific  procedures,  namely,  the  determination  of  the 
temperature  by  means  of  the  thermometer,  and  chemical  analysis 
of  the  urine. 

The  advance  in  bacteriology  and  the  importance  recently  acquired 
by  experimental  investigations  have  led  to  other  procedures.  It 
has  been  asserted  that  clinical  investigations  are  absolutely  iDad^ 
quate.  It  has  been  said  that  in  order  to  succeed  in  determining 
the  nature  of  a  malady  it  is  necessary  to  resort  to  methods  of 
precision,  to  search  for  bacteria  in  exudates,  secretions,  and  ex- 
cretions, and  to  study  the  chemical  and  histological  modifications 
in  the  organs,  tissues  and  fluids.  The  consequence  is  that,  in « 
great  number  of  cases,  it  is  possible  to  make  a  diagnosis  without 
examining  the  patient.  It  suffices  to  look  for  Koch's  or  Loeffler's 
bacillus  in  order  to  diagnose  tuberculosis  or  diphtheria.  It  is  in  no 
wise  pretended  to  cast  doubt  upon  the  service  which  may  be  rendered 
clinicians  by  laboratory  researches,  but  simply  to  say  tiiat  these 
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lethods  are  not  to  be  opposed  to  each  other.  Some  authors 
recently  taken  certain  pleasure  in  pointing  to  the  errors  of 
\\  diagnosis.  They  seem  to  be  happy  to  demonstrate  that  the 
lethods  give  but  illusive  information.  For  some  physicians 
Lagnosis  of  diphtheria  is  absolutely  impossible  without  cultiva- 
Q  serum.  It  seems  to  me  that  this  tendency  leads  to  deplorable 
usions  in  practical  medicine.  It  should  not  be  overlooked  that 
iny  cases  the  physician  cannot  possibly  resort  to  new  methods, 
actitioner  in  a  country  place,  for  example,  far  from  scientific 
es,  can  hardly  have  the  facilities  for  making  cultures.  If  it  is 
p  of  acute  infection,  and  if,  giiided  by  new  ideas,  lie  sends  the 
cious  exudates  to  the  nearest  faculty,  t!ie  chances  are  that  he 
■pceive  an  answer  when  the  evolution  of  the  disease  is  at  an 
-i.  e.,  when  the  patient  has  recovered  or  is  dead.  This  does 
nean  that  scientific  data  are  to  be  rejected.  Those  who  are 
ising  in  cities  possessing  laboratories,  and  especially  those  who 
d  m  hospitals,  must  resort  to  modern  methods  of  investigation. 

however,  should  not  be  done  with  the  idea  of  opposing  the 
!s  furnished  by  cultivation  to  information  given  by  clinical 
vation — to  show  the  superiority  of  the  former  and  the  un- 
inty  of  the  latter.  He  who  can  combine  observation  and 
imentation  must  decide  what  modifications  must  be  introduced 
nosological  classification  and  give  greater  precision  to  simple 
vations.  Bacteriology  must  be  resorted  to,  not  to  show  the 
Sdency  of  clinical  observation,  but  as  a  means  of  more  closely 
laching  the  truth.  Those  who  have  a  hospital  with  a  laboratory 
teir  disposal  must  compare  the  results  furnished  by  different 
dures  of  exploration,  and,  far  from  bringing  out  their  antag- 
iB,  seek  t-o  harmonize  them.  It  aeema  to  me  that  we  must  not 
!t  ask  too  much  of  bacteriological  data.     We  shall  presently 

that  they  sometimes  furnish  indications  less  certain  than  those 
pd  by  simpler  procedures  of  exploration, 
arch  lor  Pathogenic  Agents  by  Microscopic  Examination  and 
vation.  The  means  now  at  our  (iisposai  for  making  a  scientific 
loaia  may  be  divided  into  three  groups:  the  search  for  raicmbcs, 
iludy  of  modifications  in  cells  and  fluids,  and  the  specific  action 
'rtain  toxins. 

le  search  for  microbes  is  made  by  microscopic  examination, 
Vitron,  and  inoculation  into  animals.  Microscopic  examination 
'plied  to  secretions,  dejections,  and  inflammatory  foci:  more 
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rarely  to  the  blood  and  the  interstitial  fluids  of  organs.  It  renden 
very  remarkable  service  in  detennining  the  nature  of  an  inflam- 
matory lesion,  an  effusion  into  a  serous  cavity,  an  abscess,  and  a 
gangrenous  focus.  When  a  focus  does  not  communicate  with  tk 
exterior — i.  e.,  when  it  has  not  been  invaded  by  conmion  bacteru 
from  without,  one  may  be  nearly  certain  that  when  a  microbe  is 
foimd  it  is  the  agent  of  the  morbid  process.  At  any  rate  the  pro- 
cedure is  very  simple,  and  the  harmlessness  of  exploratory  puncture 
justifies  this  sort  of  investigation  in  most  cases.  On  the  contrary, 
when  the  morbid  focus  is  not  closed,  it  generally  contains  several 
microbic  species.  Hence,  interpretation  becomes  far  more  difllcolt 
In  some  cases  a  clearly  differentiated  specific  bacterium  is  found 
And  is  responsible  for  the  morbid  phenomena.  Such,  for  instance, 
is  the  case  when  actinomyces  are  detected  in  a  purulent  fluid  or 
the  tubercle  bacillus  in  sputa.  The  result  has  no  importance, 
however,  except  when  it  is  positive.  The  absence  of  Koch's  bacillifi 
in  a  sputiun  does  not  at  all  imply  the  absence  of  tuberculosis.  Never- 
theless, the  scientific  character  of  these  researches  gives  an  exagge^ 
ated  importance  to  the  results  obtained.  The  fact  that  the  bacilli 
are  absent  from  the  sputiun  when  the  morbid  foci  are  closed  is  too 
easily  overlooked.  Errors  inherent  in  defects  of  technical  methods 
must  also  be  remembered.  Examination  for  bacilli,  simple  as  it  is, 
none  the  less  requires  a  certain  amount  of  experience.  I  saw  a 
patient  with  syphilitic  antecedents  suffering  from  manifest  pulmo- 
nary tuberculosis.  The  physical  signs  left  no  doubt  whatever  as 
to  the  diagnosis.  He  had  been  given  for  several  weeks,  and  to  his 
detriment,  large  doses  of  potassium  iodide.  His  physician,  a  very 
able  man,  who  had  instituted  the  treatment,  had  based  it  upon 
the  absence  of  Koch's  bacillus  in  the  expectorations.  There  had 
certainly  been  some  technical  error,  for  when  I  examined  the  case  I 
found  the  sputa  nummular  and  swarming  with  tubercle  bacilh. 
Such  errors  are  not  rare.  I  could  cite  several  examples  of  a 
similar  character. 

When  the  bacilli  are  present,  certainty  is  established.  ^Ti^^- 
however,  the  parasites  are  few  in  number,  doubt  still  remains.  ^^ 
know  that  Koch's  bacillus  may  vegetate  upon  certain  mucous  meiB- 
branes  as  an  inoffensive  parasite.  Its  presence  does  not  necessarily 
imply  the  existence  of  a  tubercular  lesion.  Such  is  the  ca^  ^^^'^ 
the  tonsil,  which  often  contains  bacilli,  but  is  seldom  affected  by 
them.     The  difficulties  are  far  more  considerable  when  less  clearly 
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lecified  bacteria  are  looked  for.  For  example,  expectorations  are 
camined  and  streptococcus,  pneumococcus,  Friedlander's  bacillus, 
jtragenes,  and  various  spirilla  are  found.  What  right  have  we  to 
ondude  that  such  and  such  a  microbe,  to  the  exclusion  of  others, 
I  the  cause  of  the  morbid  manifestations?  If  one  species  pre- 
ominates,  the  probabilities  are  that  it  is  the  pathogenic  agent, 
lere  is,  however,  no  absolute  certainty,  and  we  have  already  seen, 
nth  reference  to  anginas,  how  difficult  interpretation  is  in  the 
oajority  of  cases.  Thus,  in  chancriform  tonsillitis  an  association  of 
pirilla  and  fusiform  bacilli,  which  are  of  great  diagnostic  value,  are 
bund  The  same  association,  however,  may  be  met  with  in  other 
Meal  types  and  even  in  syphilis.  Such  was  manifestly  the  case 
rith  secondary  tonsillar  lesions  of  very  difficult  diagnosis. 

When  bacteria  are  found  irregularly  disseminated  a  decision  is 
mpossible.  Hence,  for  the  diagnosis  of  anginas,  another  procedure 
8  resorted  to — cultivation.  The  point  to  be  settled  is,  in  general, 
Aether  an  angina  is  or  is  not  diphtheritic  in  nature.  As  Loeffier's 
Mdllus  rapidly  vegetates  in  gelatine  serum  and  develops  in  this 
nedium  sooner  than  other  bacteria,  the  method  becomes  very 
imple.  A  particle  of  the  suspicious  exudate  is  spread  upon  gelatine 
enun  and  is  placed  in  the  incubator.  At  the  end  of  twelve  hours 
he  bacillus  of  Loeffler,  if  present,  produces  colonies.  This  mode  of 
wtion  is  usually  not  objectionable.  It  must  be  noted,  however, 
hat  in  certain  cases  the  development  of  the  bacillus  is  more  tardy, 
t  sometimes  takes  twenty-four  or  thirty-six  hours.  On  the  other 
land,  while  there  is  no  doubt  when  the  colonies  are  abundant  and 
ich  in  bacilU,  it  may  still  be  a  question  whether  an  angina  should 
necessarily  be  regarded  as  diphtheritic  simply  because*  Loeffier's 
Midllus  has  been  detected  by  serum  culture.  If  another  medium 
wul  been  employed,  a  different  result  would  have  been  obtained, 
f,  for  instance,  the  cultivation  had  been  madc^  in  bouillon  th(^ 
^ptococcus  might  be  present  and  Loeffier's  bacillus  absent.  What 
ijjit,  then,  have  we  to  conclude  that  the  angina  was  diphtheritic? 
^y  should  the  results  f\u*nished  by  cultivation  in  one  medium  b(» 
t^ore  valuable  than  those  obtained  in  another?  Why  prefer  serum 
^  agar-agar  or  to  bouillon?  \\Tiy  accept  Loeffier's  bacillus  and 
Piore  the  streptococcus,  which  is  just  as  li armful? 

An  attempt  has  been  made  to  avoid  the  difficulty  by  the  admission 
^  a  hybrid  form  having  particular  clinical  characters,  which  has 
^n  designated  strepto-diphtheria.      Tliis   reasoning  is  open  to 
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criticism.  In  order  to  aiimit  this  form  the  rlevelopmpflt  oi  un 
bacteria  in  blooii  serum  is  required.  It  is  hard  to  conceiw  why 
an  important  rflle  is  attributed  to  the  streptococcus  solely  on  ll» 
ground  that  it  develops  in  serum.  Its  multiplication  in  this  medium 
does  not  at  all  prove  its  virulence.  Even  though  we  admit  thatthf 
procedure  is  exact,  other  difficulties  arise.  What  conclusion  ia  to 
be  drawn  in  those  cases  in  which  cultivation  gives  only  scsnlj 
colonies  of  the  diphtheria  bacillus?  It  is  known  that  this  batillu* 
quite  often  vegetates  in  the  normal  mouth.  When  it  is  encounWfwl 
in  culture  it  may  be  asked  whether  or  not  we  have  to  deal  with  id 
inoffensive  parasite.  Moreover,  althougli  this  bacillas  is  readily 
recognized,  there  is  a  short  bacillus,  the  nature  of  which  is  in  nn 
wise  determined  as  yet,  whicli  is  considered  by  some  as  a  varirtv 
of  the  diphtheritic  bacillus,  anrl  by  others  as  a  particular  microbe. 
Ill  this  case,  bacteriological  diagnosis  is  indecisive. 

Referring  to  the  results  which  we  have  described  in  treating  wf 
microbic  associations  {p.  145),  it  may  be  noted  tbat  in  thirty-ow 
cases  of  anginas  studied  comparatively  by  direct  examination  sol 
by  cultivation  in  agar-agar  and  scrum,  we  constantly  found  Loefflw'! 
bacillus  in  the  last-named  medium,  while  we  detected  it  in  only  half 
of  the  cases  by  direct  examination  or  by  cultivation  in  agar-apf. 
Moreover,  in  these  thirty-one  patients  the  exudate  contained  strpptfr 
cocci  visible  by  direct  examination  nine  times :  cultivation  in  sgu- 
agar  revealed  them  sixteen  times,  and  cultivation  in  scrum  tbw 
times  only.  Still,  in  one  case  in  which  the  streptococcus  dewlopwl 
in  serum,  agar-agar  showed  only  the  tetragenus. 

These  reflections  are  by  no  means  intended  to  discredit  the  rfflulf 
furnished  by  bacteriology.  They  are  intended  only  to  call  altenlioo 
to  the  disposition  of  many  authors  to  attribute  an  absolute  value  W 
the  data  of  cultivation.  A  xsst  amount  of  research  is  yet  requiw^ 
in  order  to  base  a  description  of  anginas  upon  a  parallel  stmly  rf 
their  clinical  aspect  and  experimental  results.  I  have  dwelt  up"" 
anginas  because  these  arc  the  affections  the  study  of  which  b* 
most  profited  by  modern  bacteriological  investigations,  ^e  jms** 
no  selective  medium  analogous  to  blood  serum  for  the  other  pstho- 
genie  bacteria.  The  |)reparation  of  media  for  tlie  cultivalioii " 
specific  bacteria  in  the  midst  nf  cnnniion  parasites  has  not  p"^ 
gratifying  results. 

The  employment  of  peptone-water  is  useful  in  the  diagnosis'* 
cholera,  but  the  detection  of  Eberth's  bacillus  in  fecal  nisttfi"* 


blAOmSlS  AND  PROGNOSIS  OF  INFECTIOUS  DISEASES.     611 

ff  more  ilifficult.  Eisner's  formula  does  not  seem  to  respond  to 
e  purpose  in  view. 
Bacterinlogical  examination  m  of  considerable  interest  in  connection 
^th  sexual  diseases.  Examination  for  the  gonococcus  is  daily 
•actised  and  serves  to  establish  the  diagnosis  of  gonorrhea.  It  is 
^11  to  remark,  however,  that  recently  there  have  been  found  in 
|tt  suppurations  of  the  genital  organs  anaerobic  microbes  which 
(re  nothing  in  common  with  the  gonococcus,  but  it  is  very  difhcult 
i  recognize  them  by  a  simple  microscopic  examination, 
iWhen  the  process  is  one  of  common  suppuration  two  cases  are 
^bte :    The  focus  may  be  closed  or  open.     When  it  is  closed  a 

rcture  is  made  into  it  and  a  specimen  of  the  fluid  is  submitted 
microscopic  examination  and  to  cultivation.  The  data  ob- 
iuBd  have  undeniable  value,  provided  the  results  of  direct  ex- 
oination  be  carefully  compared  with  those  furnished  by  cultivation, 
!by  both  of  these  jjrocedures  a  single  species  is  found,  certainty 
j  almost  absolute,  but  not  complete,  since  it  is  possible  that  the 
(oe  pathogenic  agent  may  be  unrecognizable  by  our  present  methods 
I  sUuning  and  cultivation.  This  possibility  is  becoming  less  and 
fsaa  bacteriology  advances,  and  the  result  is  perfect  in  most  cases. 
%e  result  is  also  satisfactory  when  several  species  of  microbes  are 
pond.  If,  however,  a  great  number  of  different  bacteria  are  re- 
nled  by  microscopic  examination,  and  if  cultivation  shows  only 
Be  or  two,  the  difficulties  are  the  same  as  in  the  case  of  angina. 
bch  is  the  caw  with  gangrenoai  foci.  Anaerobic  cultures  have 
feally  aided  the  study  of  this  morbid  process,  but  by  a  natural 
fiction  too  much  importance  has  been  attribut«d  to  anaerobica. 
D  moBt  cases  putrefactive  microbes  do  no  more  than  complete 
be  work  ah-eafly  begun.  They  putrefy  tissues  altered  by  other 
ioobes,  and  notably  by  aerobics.  Moreover,  we  must  remember 
It  the  latter  may  of  themselves  produce  certain  gangrenes  which 
le  sometimes  of  benign  character. 

1  an  open  focus  is  examined  the  results  are  very  clear  if  only 
t  species  of  microbe  is  found.  If  several  species  are  detected, 
» difficulties  of  interpretation  are  the  same  as  in  the  case  of  angina. 
0  Some  cases,  however,  the  presence  of  certain  morphological 
Wtnwnts  is  of  |)araniount  importance.  Thus,  whether  the  lesion  be 
ii  or  closed,  the  presence  of  yellow  grains  resembling  flowers  of 
Nphur  establishes  the  diagnosis  of  actinomycosis. 
^p  associated  microbes  are  then  of  httle  consequence ;  the  nature 


to  recognize  certain  absolutely  characteristic  specitic 
as  the  spirilla  of  recurrent  fever  and  the  hematozo 
The  search  for  the  hematozoon  is  not  always  easy,, 
positive  the  result  haa  considerable  importaDce  frt 
standpoint.  It  permits  elimination  of  symptomati 
fevers  and  gives  a  solid  basis  for  treatment.  As  w( 
stated,  special  corpuscles  are  found  in  the  blood  of  v 
by  simple  microscopic  e;cainination.  These  corpuscl 
larly  numerous  in  the  hemorrhagic  form.  In  the  sup 
they  me  seen  at  the  beginning  of  the  disease,  at  th 
diagnosis  is  difficult.  In  most  bacterial  disease 
examination  reveals  no  bacteria  or  reveals  them  o 
advanced  stage  when  death  is  approaching.  In  the  c 
and  of  septicemias  the  blood  is  not  invaded  until 
It  is  not  so,  however,  with  methods  of  cultivation,  w 
positive  results  at  a  less  advanced  period  of  an  infec 
cultivations  be  practised  on  a  large  scale.  Accordii 
cedure  employed  by  Davaine,  1  c.c.  of  blood  must 
a  vein  and  placed  in  appropriate  media. 

Examination  for  microbes  in  the  urine  is  seldom 
is  a  difficult  procpdure.  If  a  simple  microscopic  exa 
be  made,  the  urine  must  be  centrifuged  and  the  dep 
If  cultures  are  to  be  made,  the  urine  must  be  dra 
catheterization,  which  requires  a  great  deal  of  practi 
in  order  not  to  be  misled  by  accidental  contaminatio 
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icMary,  for  it  enablea  ua  to  determine  whether  ur  not  the  case  is 
IP  of  amebic  dysentery. 

In  recent  years  the  search  for  microbes  in  the  cerebral  spinal 
dd  has  acquired  great  importaTice.  Lumbar  puncture  being  an 
offensive  operation,  we  easily  conceive  how  serviceable  this  method 

exploration  may  prove.  The  search  for  microbes  in  the  organs 
quires  greater  precautions.  Puncture  of  the  liver,  once  quite 
qiientiy  practised  for  the  diagnosis  of  typhoid  fever    is  rather 

uncertain  method,  and  can  hardly  enter  into  cuiTent  practice, 
biociilations  from  a  Diagnostic  Standpoint.  Tlie  diihculty  of 
Iributing  morbid  manifestations  to  one  form  of  pathogenic  bacteria 
iher  than  to  another  has  suggested  the  method  of  inoculation  into 
iinals.  It  was  even  hoped  that  this  method  would  enable  us  to  give 
Ksitive  prognosis.  It  was  thought  that  a  relation  existed  between 
!  evolution  observed  in  man  and  the  effects  produced  by  experi- 
mtal  inoculation.  Such  a  relation  undoubtedly  exists  in  a  certain 
tnber  of  cases,  but  not  in  all.  As  regards  the  streptococcus 
iticularly,  the  results  are  absolutely  deceiving.  Cultures  pre- 
fed  with  blood  taken  immediately  after  death  have  often  been 
Ected  in  large  doses  without  producing  the  slightest  disturbance. 
long  observations  which  I  have  collected,  the  following  may  be 
ed.    1.  Pulmonary  gangrene  ending  fatally;  the  fluid  contained 

the  lungs  presented  especially  streptococci.  When  directly 
culated  into  the  veins  of  a  rabbit  in  the  dose  of  1  cubic  centimetre, 
tfoduced  a  chronic  disease  characterized  by  paraplegia  and  reten- 
B  of  urine,  ending  fatally  at  the  end  of  two  months,  Tlie  cultures 
Ected  into  the  veins  in  the  dose  of  5  c.e,  gave  rise  to  no  disorder. 
Streptococcus  obtained  from  a  newborn  which  had  succumbed  to 
npelas  of  the  navel;  the  first  culture,  when  injected  into  two 
^itfl  in  the  dose  of  5  c.c,  caused  no  morbid  mardfestations.  3. 
tptococcus  obtained  from  an  aged  man  dead  of  erysipelas;  same 
Kriments,  same  results.     4.  Streptococcus  obtained  from  dead 

puerperal  fever;  same  experiments,  same  results.  These  few 
its  once  more  demonstrate  how  difficult  it  is  to  apply  to  man 
idiiaions  drawn  from  experiments  performed  upon  animals,  and 
f  uncertain  is  determination  of  virulence,  at  least  in  the  case  of 
'  streptococcus. 

It  ifl  true  that  a  great  number  of  observations  have  been  published 
lich  seem  to  establish  that,  in  cases  of  angina,  inoculation  into 
•Dials  may  fiu-nish  interesting  data.     For  example,  when  we  find 
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a  bacillus  presenting  the  characters  of  the  diphtheria  bacillus,  lip 
nature  of  which  is  not  quite  well  determined,  it  is  incontestable  thil 
inoculation  may  elucidate  the  problem.  Thiis,  at  the  necmpiynl 
a  diphtheritic  case,  I  found  an  hepatic  abscess  cont^nin^  a  bacillie 
analogous  to  LoefHer's.  In  order  to  establish  a  more  certain  liii^- 
nosis,  I  inoculated  two  guinea-pigs.  One  was  kept  as  control  ami 
rapidly  succumbed :  the  other,  which  received  at  the  same  limr 
antidiphtheritic  serum,  remained  in  good  health.  In  this  instoiw 
the  demonstration  is  unassailable. 

While  inoculation  solves  the  problem  when  a  single  specirauf 
bacterium  is  detected  in  a  focus,  it  may  furnish  doubtful  data  when 
several  species  of  microbes  are  encountered.  If  one  of  lhf«  i^ 
inoculated  and  found  to  be  pathogenic,  it  cannot  l>e  concluded  ihst 
it  was  the  cause  of  the  accidents,  for  the  agents  unconsidereil  "frr 
perhaps  just  as  virulent.  Therefore,  in  order  to  form  a  eonclufflnn. 
it  is  necessary  to  inoculate  all  the  microbes  isolated — a  task  repre- 
senting considerable  labor — and  still  the  result  would  be  dispulable, 
for  the  reason  that  it  is  poBsible  that  tlie  specific  microbe  will  act 
develop  in  the  particular  mecUum  employed,  either  because  Ibis 
medium  is  not  favorable  for  it  or  because  the  other  bacteria  prpvriil 
its  multiplication,  I  recognize,  however,  that  inoculation  in'" 
animals  may  be  of  very  great  service.  For  example,  a  polymicroliif 
culture  is  obtained.  By  injecting  it  into  an  animal  we  may  sff  a 
bacterium  predominate,  and  it  will  then  be  possible  to  obtain  n [hi" 
culture  after  one  or  two  passages  through  animals.  (M  cuurw. " 
would  not  yet  be  safe  to  draw  an  absolute  conclusion.  iNotlii"! 
proves  that  the  microbe  which  is  the  most  harmful  for  the  anin* 
was  the  one  most  harmful  for  mau.  Here,  therefore,  is  a  uielin"' 
that  renders  remarkable  service  to  the  experimenter  rather  than  tc 
the  clinician.  Confining  ourselves  to  the  domain  of  clinical  diagnns'*' 
we  find  various  infections  the  diagnosis  of  wliich  may  be  facilitstfii 
by  inoculation.  Tliese  are  the  pneumococcic  infections,  anthrsJii 
glanders,  tuberculosis,  hydrophobia,  and,  less  frequently,  gswi'-' 
gangrene  and  tetanus. 

When  the  pneumococcic  nature  of  a  lesion  is  suspected,  an  itiV'i- 
lation  is  made  into  the  mouse.  The  animal  succumbs  within  trtT"')'' 
four  or  forty-eight  hours,  and  examination  of  the  blood  ^'^^ 
characteristic  capsulated  diplococci.  It  is  well  to  remember,  h""'' 
ever,  that  this  bacterium  is  often  encountered  in  the  saliva  of  li*»""-' 
intlivtduals.    The  positive  result  of  this  inoculation  cannot,  l^'^ 
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re,  lead  to  an  unquestionable  conclusion.  When  a  lesion  is  sufi- 
tted  to  bp  of  anthrax,  liiagnosis  may  be  a  matter  of  difficulty,  for 
treason  that  malignajit  pustule  often  contains  very  few  bacteria, 
hI,  therefore,  experimental  inoculation  is  negative. 
In  a  case  in  which  tlie  diagnosis  was  difficult  and  wliicli  terminated 
I  recovpry  I  inoculated  four  guinea-pigs  with  the  serum  of  the 
Bsicles.  One  of  these  animals  died  of  anthrax,  thus  tiemonstrating 
K  nature  of  the  lesion  which,  without  inoculation,  might  have  been 
itfrpreted  in  a  different  manner. 

The  diagnosis  of  glanders  often  presents  great  difficulties.  An 
[perimental  method  has,  therefore,  been  long  looked  for.  The  ass 
ret  served  for  purposes  of  experimentation.  When  this  animal  is 
nployed  the  operation  is  performed  in  the  following  manner: 
it*r  shaving  the  forehead,  cutaneous  scarifications  are  made,  and 
len  the  suspicious  pus  is  rubbed  upon  them.  From  the  tenth  to 
le  fourteenth  day  the  general  phenomena  ai)pear,  and  the  animal 
ion  dies  of  bronchopneumonia.  The  necropsy  reveals  glanders 
snulations  in  the  viscera.  Instead  of  the  ass  the  dog  may  be 
npbyed.  The  same  method  is  resorted  to,  and  four  or  five  days 
W  inoculation  a  glanders  ulcer  appears  which  subsequently  heals, 
hriatot  and  Kiener  proposed  a  simpler  procedure.  They  advised 
iwulation  into  the  guinea-pig.  The  animal  died  in  eight  or  ten 
Ira  with  cliaracteristic  lesions.  Tlie  best  method  is  tliat  of  Straus, 
he  suspicious  pus  is  injected  into  the  peritoneum  of  a  male  guinea- 
ig.  At  the  end  of  forty -eight  hours  a  testicular  vaginalitis  develops. 
hfakin  of  the  scrotum  becomes  red  and  the  two  layers  of  the  tunica 
'pnaiie  adhere  by  a  purulent  exudate.  The  testicle  and  epididymis 
■e  seldom  involved.  This  method  is  good,  but  not  perfect.  The 
K  may  contain  various  bacteria  capable  of  producing  a  fatal  peri- 
weal  septicemia.  Hence,  it  is  advisable  to  inoculate  two  guinea- 
gBi  one  beneath  the  skin,  the  other  int«  the  peritoneum.  On  the 
hw  hand,  various  pyogenic  microbes  behave  like  the  bacillus  of 
to(ier8  (Nocard).  The  result  of  inoculation  must,  therefore,  be 
itrolled  by  bacteriological  examination  and  cultivation. 
Examination  for  the  tubercle  bacillus  is  so  easy  that  inoculation 
seldom  necessary.  In  cases  of  local  tuberculosis,  however,  and 
those  pulmonary  lesions  hi  which  favorable  evolution  seems  to 
•Hove  all  suspicions  as  to  the  tubercular  nature  of  the  process,  as 
-U  as  in  pleuritic  effusions,  the  bacilli  are  so  few  in  number  that 
^is  great  danger  of  not  detecting  them  by  microscopic  exami- 
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nation.  In  such  instances  inoculation  is  most  serviceable.  Tk 
inoculation  must  be  practised  upon  the  guinea-pig,  which  is  the 
animal  most  sensitive  to  tuberculosis.  Survival  is  very  long;  it 
often  exceeds  five  or  six  weeks,  and  at  times  the  animal  may  live 
for  several  months  or  even  a  year.  The  early  development  of 
adenopathies  Is  signiiBcant.  Six  or  eight  days  after  inoculation  the 
lymphatic  glands  corresponding  to  the  point  of  inoculation  become 
congested,  and  other  glands  are  later  involved.  These  multiple  and 
progressive  glandular  affections  are  absolutely  characteristic.  The 
method  may,  therefore,  be  of  use,  notably  in  cases  of  serous  pleurisy. 
As  is  known,  the  diagnosis  of  hydrophobia  is  a  matter  of  great 
difficulty.  Even  at  the  necropsy  a  retrospective  diagnosis  cannot 
be  made.  No  characteristic  lesion  is  found  in  the  viscera  and  tissues. 
This  fact  is  of  considerable  importance  in  practice.  WTien  an 
individual  is  bitten  by  a  rabid  dog  it  is  too  often  the  custom  to  idll 
the  animal  and  then  send  the  cadaver  to  a  veterinary  physician  for 
necropsy.  Great  diagnostic  value  was  formerly  attached  to  the 
presence  of  foreign  bodies  in  the  stomach  of  rabid  dogs.  These 
animals  bite  and  swallow  anything  they  encounter.  Hence,  sub- 
stances which  are  not  usually  among  the  contents  of  this  oiigan, 
such  as  pieces  of  wood,  straw,  earth  and  gravel,  are  found  in  their 
stomachs.  It  lias  been  demonstrated,  however,  that  these  findings 
are  of  no  diagnostic  importance.  Such  substances  are  likewise 
found  in  non-hydrophobic  dogs.  In  view  of  the  investigations  of 
Van  Gehuchten,  histological  examination  may,  perhaps,  give  better 
results.  But  such  researches  are  delicate  and  require  accurate 
knowledge  of  histology.  For  the  time  being  the  study  of  symptom-^ 
seems  to  me  to  be  of  greater  importance.  Hence,  this  practical 
conclusion:  No  dog  which  has  bitten  a  person  should  be  kiN: 
but  it  should  be  confined  and  carefullv  observed.  This  is  the  only 
nieaiLs  of  learning  at  the  end  of  two  or  three  days  whether  it  i^ 
hydrophobic  or  not.  Moreover,  the  circumstances  under  which  the 
biting  occurs  furnishes  a  presumj^tive  basis.  It  may  be  said  that  a 
dog  which  bites  without  provocation  and  wdthout  any  appreciable 
cause  is  generally  rabid.  If  the  animal  has  been  killed,  the  only 
means  of  ol)taining  conclusive  information  is  inoculation.  Thi^ 
operation  is  generally  performed  upon  the  rabbit.  The  emubio" 
obtained  \vith  the  medulla  is  injected  beneath  the  dura  mater.  The 
operation  is  extremely  simple:  The  animal  being  firmly  bounu- 
and,  if  necessary  anesthetized,  an  incision  is  made  into  the  skin- 
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e  cranium  is  opened  by  means  of  a  smal  trepan,  avoiding  the 
per  longitudinal  sinus.  The  hemorrhage  produced  by  incision  of 
3  bone  is  generally  quickly  arrested.  Then,  by  means  of  a  curved 
ttula  adjusted  to  a  Pravaz  syringe,  the  dura  mater  is  punctured 
d  a  few  drops  of  the  emulsion  are  injected  beneath  this  membrane. 
le  canula  is  withdrawn,  the  wound  sutured  and  covered  with 
ioform  collodion.  Under  these  conditions  the  animal  contracts 
drophobia  after  a  period  of  incubation  varying  from  twelve  to 
teen  days.  To  ensure  the  production  of  hydrophobia,  it  is  not 
eolutely  necessary  to  resort  to  the  procedure  just  described, 
troduction  of  the  virus  into  the  anterior  chamber  of  the  eye  gives 
arly  as  certain  results.  The  same  is  true  when  the  inoculation  is 
adeinto  any  nerve  whatever,  for  example,  into  a  peripheral  nerve, 
iltier,  Di  Vestea  and  Zagari  have  shown  that  the  sciatic  nerve 
fera  a  very  reliable  route  of  introduction.  Finally,  when  a  con- 
sed  woimd  contaminated  by  foreign  bodies  or  earth  becomes  the 
arting  point  of  morbid  manifestations,  the  inoculation  into  a 
dnea-pig  of  the  fluid  discharged  from  the  lesion  or,  still  better,  of  a 
irticle  obtained  by  scraping,  may  reveal,  within  forty-eight  hours, 
e  presence  of  the  microbe  of  gaseous  gangrene  or  of  tetanus. 
Oytologic  Examination.  A  new  method  of  diagnosis  consists  in 
arching  for  certain  reactions  produced  in  the  organism  by  patho- 
nic  agents.  The  attention  of  observers  was  first  attracted  by  the 
ood.  In  fact,  from  the  start  of  infections  this  fluid  undergoes 
ofound  modifications,  some  of  which  bear  upon  the  cellular  elements 
id  may  be  detected  imder  the  microscope.  We  have  already  stated 
at  the  variations  in  the  white  blood  corpuscles  enable  us  to  follow 
e  evolution  of  infections,  and  at  times  to  foretell  their  course  and 
iiounce  relapses.  These  observations  less  frequently  serve  the 
eposes  of  diagnosis.  Nevertheless,  the  researches  of  Courment 
d  Montagard  and  those  pursued  at  the  same  time  by  Dr.  Weil 
our  wards  show  that  the  leucocytic  formula  of  the  blood  presents 
rticular  characters  in  variola.  The  results  are  so  clear  that  we 
en  resort  to  this  procedure  in  order  to  settle  diagnostic  difficulties, 
must  be  remembered,  however,  that  varicella  and  variola  produce 
^logous  modifications  in  the  blood.  The  method  mostly  serves 
differentiate  variola  from  other  eruptive  fevers  and  various 
5genic  infections  which  simulate  it. 

tlie  examination  of  the  cells  may  be  made  not  only  in  the  blood 
in  other  fluids  and  exudates.    Examination  of  the  cerebro- 


lungs,  or  hydropneumothorax,  numerous  altered  po 
found,  while  in  mechanical  pleurisy  the  endothelis 
jjleura  predomiiiatp.  In  the  case  of  streptocoecic  pi 
pliilic  polynuclears  are  almost  exclusively  present, 
coccic  pleurisy  the  greater  part  of  the  cells  is  represe 
niiclears  and  large  mononuclear  cells  mixed  with  red  bl 
and  a  few  lymphocytes. 

The  Vesicatory  Test.  These  researches  are  appL 
certain  special  cases.  Hence,  it  seemed  to  rae  to  be 
tieterniine  the  cytologic  tornmla  of  effusions  which  ma 
in  man  by  Ihe  application  of  vesicatories.  Tlie  exam 
we  made  with  Dr.  Josu^'  established  that  the  ve.sicle 
vesicatory  holds  in  suspension  a  fairly  large  numbe 
the  normal  man  a  strong  proportion  of  polyimclear 
found.  In  individuals  suffering  from  an  infectious 
cells  are  less  numerous  or  altogether  absent.  They  i 
organism  overcomes  the  infection.  The  vesicatory  test 
valuable  indications  regarding  Ihe  intensity  of  the 
impregnation  of  the  organism  and  the  mode  of  n 
hematopoietic  organs.  It  is  readily  conceivable  wl 
may  be  drawn  from  euch  information  from  a  diagnostic 
prognostic  standpoint.  The  difference  in  the  results  c 
healthy  man  and  in  the  sick  must  depend  upon  the  oa 
by  microbic  toxins  upon  the  hematopoietic  organs,  anc 
the  bone-marrow.     Under  the  influence  of  these  poit 
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te  action  of  toxins  upon  the  hematopoietic  organs.  By  this  method 
lemay  judge  to  what  extent  the  function  of  these  organs  is  dimin- 
4ied  under  the  influence  of  the  toxic  element. 

Apart  from  the  eosinophilic  polynuclears  there  are  found  in  the 
Mcle  neutrophilic  polynuclears  and  large  and  small  mononuclears. 
t  is  not  rare  to  find  in  the  preparations  a  certain  number  of  large 
DoiiQnuclear  elements  containing  granulations.  These  are  myelo- 
ij1«s,  This  fact  is  interesting,  since  no  such  cells  are  commonly 
bum!  in  the  blood  or  in  pathological  exudates.  They  generally 
Mnaon  in  the  bone-marrow,  where  they  give  rise  to  white  globules 
nth  polymorphous  nuclei  or  polynuclears.  The  presence  of  myelo- 
lytea  proves  that  the  vesicatory  produces  a  very  profound  effect 
ipon  the  hematopoietic  organs.  Besides  the  cells  above  described, 
Jl  of  which  are  similar  to  those  circulating  in  the  normal  or  patho- 
opcal  blood,  particular  elements  are  found  in  the  fluid  produced  by 
he  vesicatory.  These  are  cells  provided  with  a  thin  layer  of  proto- 
ilssin  which  is  colored  brownish-yellow  by  triacid  and  rose  by  eosin. 
[heir  nucleus,  which  is  round  or  oval,  is  stained  green  by  triacid  and 
ale  violet  by  hematoxj'lin,  but  is  not  clearly  defined.  Unable,  as 
'ft,  to  decide  the  nature  and  origin  of  these  elements,  we  shall 
tcaignate  them  "vesicatory  cells."  Our  researches  were  made  upon 
Wo  normal  individuals  and  twenty-seven  patients,  eleven  of  the 
>tter  suffering  from  pulmonary  tubercidosis,  and  three  seemingly 
fom  tui)ercular  pleurisy.  The  technique  employed  was  very  simple. 
^Ive  hours  after  th  ■  apphcation  of  a  vesicatory  of  four  or  five 
quare  centimetres,  when  the  bulla  was  well  formed,  the  fluid  was 
iken,  centrifuged,  and  decanted,  and  the  sediment  spread  u]3on 
^  and  dried  over  the  flame.  Most  of  the  preparations  fixed  by 
'at  at  230°  F.  (110°  C.)  were  stained  with  Ehrlich's  triacid  solution 

Uiionin.  A  few  were  treated  with  alcohol-ether  and  stained  with 
^-hematoxylin.  The  preparations  obtained  by  the  triacid  stain 
-  the  clearest. 

fn  the  two  normal  individuals  we  found  a  very  large  proportion 
eoainophiles.  In  no  pathological  case  did  we  find  such  a  great 
tober.  A  c^unt  of  the  various  speci's  of  cells  gave  the  following 
ires: 

I.  II. 

!tcutrophilic  po!ynUclp»re     ,  ,  65.))  per  cent.  77.B  per  cpiil. 

Eadnophilic  polynuclears     ....  25.5     "       "  10.2     "       " 

Large  mDnonucleare 1,(1      "        ">  ,^         ^ 

Htnall  DionoQuckars 8.1)     "       "f  ^ " 

Ve^cntttrj'  "H" 0.5     ■'       ■'  O.fl    " 


INFECTIOUS  DISEASES, 

The  vesicatory  test  leads  to  altogether  different  results  in  tubw 
cuioua  subjects.  In  cases  of  common  chronic  tuberculosis  aver 
great  number  of  polynuclears  are  found.  These  reach  or  exae 
90  to  95  per  cent.  On  the  other  hand,  the  eosinophiles  are  vw 
rare  and  in  most  cases  are  absent.  The  proportion  of  large  in 
small  mononuclears  is  quite  variable  according  to  the  caee.  lb 
of  the  vesicatory  cells  varies  between  0.5  and  3  per  cent .  In  oi 
tul-)ercular  case  (Obs.  XI.)  the  number  of  the  eosinophiles  waairli 
lively  large.  It  amounted  to  3.2  per  cent.  This  ease  was  not! 
exception  to  the  rule,  for  it  was  a  man  suffering  from  a  perilonf 
localization  and  from  pulmonary  lesions  tending  toward  scleroa 
The  relatively  high  percentage  of  eoaionphiles  indicated  the  fava 
ai)le  course  of  the  disease  toward  recovery. 

Furthermore,  we  have  noticed  that  the  cells  present  a  sppci 
aspect  in  tuberculous  individuals.  They  are  swollen  and  mU( 
larger  than  in  normal  subjects.  This  particular  stat«  of  the  wllul 
eleraenta  is  not  absolutely  peculiar  to  tuberculosis,  but  it  is  far  mo 
pronounced  in  this  infection  than  in  others.  Hence,  when  it 
manifest,  it  may  lead  to  the  detection  of  a  latent  tubercul« 
Thia  m  precisely  what  happened  in  one  of  our  eases  fOb?!.  XII 
Having  applied  a  vesicatory  to  a  man  whom  we  considered  to 
in  normal  condition,  we  were  surprised  to  find  in  the  fluid  a  k 
percentage  of  eosinophiles  as  compared  to  the  nonnal  ratio,  and 
sufficiently  great  number  of  swollen  cells.  Minute  examination 
the  respiratory  organs  enabled  us  to  recognize  slight  but  inconte 
able  lesions,  which,  until  then,  had  produced  no  fimctional  distui 
ance.  Percussion  revealed  dulness  under  the  right  clavicle  and 
the  left  supraspinous  region.  In  the  same  regions  inspiration  * 
harsh  and  attended  by  a  few  dry  r&les  and  pleuritic  frictions.  1 
relatively  high  percentage  of  eosinophiles  (7.82  per  cent)  indica' 
that  the  constitution  was  vigorous — a  fact  quite  in  harmony  * 
the  results  of  clinical  examination.  It  may  be  added  that 
vesicatory  t«st  gives  the  most  valuable  information  in  the  beginn 
of  tuberculosis  and  enables  us  to  appreciate  the  degree  of  resistai 
of  the  individual  and  his  chances  of  recovery. 

The  number  of  eosinophiles  was  still  larger  in  two  cases  of  ao 
serofibrinous  pleurisy.  This  affection  may  be  considered  as  a  lo 
tuberculosis  of  the  pleura  tending  toward  recovery.  It  wou 
therefore,  be  natural  to  expect  to  find  a  formula  expressing 
resistance  of  the  organism.    This  is  precisely  what  was  founts 
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Observations  XIII.  and  XIV.  In  a  third  case,  however  (Obs.  XV.), 
the  formula  was  different.  This  was  a  case  of  pleurisy  which  was 
being  cured,  but  a  day  before  we  applied  the  vesicatory  the  patient 
wu  attacked  by  intense  gastrointestinal  disorders  with  hypo- 
thermia  95.7**  F.  (35.4°  C).  This  superadded  affection  sufficed  to 
completely  modify  the  cellular  formula  of  the  vesicatory  fluid.  This 
observation  established  the  extreme  sensitiveness  of  the  procedure 
aodshovfB  with  what  rapidity  pathologic  influences  affect  the  organic 
nactions. 
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^-  f*ulmonary  tuberculosis  at  the  third  stage, 

^^-  t*ulmonary  tuberculosis  at  the  third  stage. 

^'1-    Pulmonary  tuberculosis  at  the  third  stage. 

^"-    Pulmonary  tuberculosis  at  the  second  stage.     Infiltration  of 
'*  etitire  left  lung. 

•■   l*ulmonary  tuberculosis  in  the  second  stage.    Generalized 
■""cliitis. 
^'    Pulmonary  tuberculosis  in  the  second  stage. 

^I-  Pulmonary  tuberculosis  in  the  second  stage.    Generalized 
e^^hitis. 

■'■I3.  Pulmonary  tuberculosis  in  the  third  stage.    Intense  fever. 

'^-    Pulmonary  tuberculosis  in  the  third  stage.     Hemoptyses. 

^*",    Erysipelas  cured  since  twenty-six  days.     (Notice  the  small 
t>«r  of  neutrophiUc  polynuclears  and  the  large  percentage  of  the 
^^^iiuclears). 
~     Tubercular  pulmonary  congestion. 
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XI.  Pulmonary  tuberculosis  with  fibrinous  evolution.  Tubercular 
Iieritonitis. 

XII.  Slight  pulmonary  tuberculosis.  Dulness  in  the  fronl  and 
right  side  tif  the  chest  and  the  left  side  of  the  back ;  harsh  respirslioii: 
a  few  dry  rdies  and  frictions.     Apyrexia. 

XIII.  Acute  serofibrinous  pleurisy. 

XIV.  Acute  serofibrinous  pleurisy  in  a  very  vigorou.s  man. 

XV.  Acute  serofibrinous  pleurisy  on  the  way  to  recovery.  luteose 
gastrointestinal  disturbances  and  hypothermia  since  the  previtms 
day. 

In  erysipelas  the  eosinophiles,  which  are  absent  when  the  diwi« 
is  at  the  stationary  period,  reappear  at  the  moment  nf  rewvfrj'. 
These  elements,  however,  are  few  in  number  during  the  daj-s  iraiur 
diately  following  the  morbid  termination.  Tlie  organic  reaclions 
which  are  profoundly  modified  by  the  infectious  attack,  remain 
disturbed  for  a  long  time.  At  the  same  time  that  the  perceiitap 
of  the  eosinophiles  increases,  that  of  the  neutrophilic  pol>TiucIsiir9 
diminishes  at  the  end  of  the  disease.  The  mononuclears  are  also 
fivr  more  numerous  than  at  the  stationary  period. 

We  have  employed  the  vesicatory  test  in  two  cases  of  mumps  and 
one  of  acute  angina.  All  tliese  observations  conciu-  in  demooBtint- 
iiig  that  the  histological  examination  of  the  vesicatory  fluid  reveal? 
the  mode  of  reaction  of  the  hematopoietic  organs  in  a  given  ait- 
In  fact,  we  see  that  the  same  toxic  cause,  the  application  of  cantliar- 
ides,  determines  the  presence  of  difTerent  cells  in  the  vesicatory  fluid 
according  to  the  degree  of  intensity  of  the  infectious  irapregnalJoE. 
according  as  the  organism  resists  with  more  or  less  success,  and 
according  to  the  phases  of  the  struggle.  This  method  Is  extrfiufiy 
sensitive.  A  superadded  or  even  alight  infection  suffices  to  com- 
pletely modify  the  results.  It  must,  however  be  remembered  Ih*' 
the  vesicatory  test  indicates  only  the  degree  of  intensity  of  infectioie 
impregnation.  An  intense  infection  may  be  benign,  for  exanpl^* 
an  acute  angina.  A  slight  infection  may  be  more  serious,  evea  i' 
the  organism  resists,  for  example,  a  local  tuberculosis.  The  I'W' 
atory  test  furnishes  data  concerning  not  the  absolute  prognosis "' 
the  infection,  but  the  degree  of  impregnation  of  the  otpani«o. 
From  a  purely  theoretical  standpoint  it  is  interesting  to  n'msf" 
how  an  infection,  though  benign  and  well  localized,  modifies  ail  t''* 
organic  reactions.  A  catarrhal  angina  is  sufficient  to  dUiurh  t"'' 
leucocytic  equilibrium  of  the  economy.     Under  tiiese  condilious  tnf 
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s&me  initatiiig  cause  produces  other  efFecta  than  in  a  normal  indi- 
vidual. Our  investigations  thus  explain  why  secondary  infections 
BO  often  differ  in  tlieir  mode  of  evolution  from  j)rim;iry  infections. 

Diagnosis  According  to  Chemical  Modifications  in  Fluids.  An 
infection  produces  not  only  histologinil  but  also  ciirmical  modifica- 
tioiLs  in  the  blood  and  fluids.  It  causes  notably  the  appearance  in 
lie  senun  and  certain  exudates  of  substances  which  seem  to  be 
Inteoilcd  to  combat  infection.  Among  these  the  most  interesting 
bom  a  diagnostic  standpoint  is  that  which  causes  agglutination  of 
thf  microbes.  Everyone  is  nell  acquainted  with  the  practical 
application  which  Dr.  Widal  has  made  of  this  in  the  diagnosis  of 
typhoid  fever.  The  procedure  is  quite  simple.  A  few  drops  of  the 
blood  of  the  patient  are  taken,  ami  then  the  serum,  diluted  in  a 
certain  proportion,  is  mixed  with  a  fresh  culture  of  Eberth's  typhoid 
bicillus.  If  the  case  is  one  of  typhoid  fever,  the  scattered  elements 
unite  in  small  masses.  This  method,  designated  as  the  "method  of 
*runi-diagnosis,"  is  euiTently  eniployeti  in  the  diagnw^is  of  typhoid 
frvcr.  ,\ccording  to  the  researches  of  Dr.  Arloing  and  his  disciples, 
tiuK  method  is  applicable  also  to  tuberculosis.  Other  substances 
"•hich  are  produced  in  the  blood  of  infected  subjects  may  likewise 
*rve  in  diagnosis. 

Among  the  secretions  only  one  is  commonly  studied  clinically, 
J^amely,  the  urine.  Its  examination  in  the  course  of  infectious  dis- 
eases is  of  great  importance,  but  it  is  more  interesting  for  prognosis 
than  diagnosis.  The  niotiilications  in  quantity  and  color,  the  varia- 
tions in  the  amount  of  cells  and  nitrogenous  substances,  the  appear- 
'"ceof  abnormal  substances,  such  as  albumin,  peptones,  and  glucose, 
Pnable  us  to  appreciate  the  changes  occurring  in  the  organs  and  in 
S^Heral  nutrition,  but  do  not  help  us  to  determine  the  nature  of 
the  disease.  Likewise,  the  detection  of  biliary  pigments — urobilin — 
•8  intere-sting  only  as  regards  prognosis.  The  only  reaction  which 
^mptimes  may  serve  for  diagnostic  purposes  is  Ehrlich's  diazo 
""■Wtiot.  Although  it  is  not  absolutely  a  specific,  this  reaction  is 
an  important  sign  in  the  diagnosis  of  typhoid  fever.  It  is  sometimes 
lianifest  as  early  as  the  third  or  fourth  day,  but  may  be  delayed 
""'ti!  the  beginning  of  the  second  week.  It  also  enables  us  to  fore- 
'*ll  certain  complications.  If  it  suddenly  ceases  unattended  by 
concomitant  amelioration,  some  secondary  infection  or  a  renal  lesion 
must  be  suspected.  If  it  increases  in  intensity  it  means  an  aggrava- 
^on  of  the  disease.     Its  reappearance  during  convalescence  indicates 
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a  relapse.  The  diazo  reaction  is  likewise  observed  in  typhus  fe?er, 
in  acute  tuberculosis,  pyemia,  septicemia,  measles,  scarlatina,  and 
at  times  in  pneumonia. 

DiagnosiB  by  Thenpentics.  We  must  now  say  a  word  reganfing 
the  influence  of  certain  substances  ci^ble  of  modifying  the  evolutioi 
of  affections  and  thus  elucidating  their  character.  Such  are  q)edfc 
medicines,  which  serve  to  determine,  as  the  case  may  be,  the  malarial 
or  sjrphilitic  nature  of  an  infection.  The  action  of  quinine  qxtt 
malaria  is  too  well  known  to  need  more  than  an  allusion.  SypbiiB  \ 
has  two  specifics:  salts  of  mercury  and  iodide  of  potassium.  Ih  { 
test  treatment  is  constantly  employed  in  the  diagnosis  of  diffieok  j 
cases.  It  should  be  remembered,  however,  that  the  action  of  th  ^ 
iodides  is  exercised  in  the  same  manner  in  another  infection,  namdj,  J 
actinomycosis.  The  specific  character  and  diagnostic  value  of  tke  \ 
iodides  thus  lose  much  of  their  importance.  It  is  even  likely  thit 
many  cases  of  actinomycosis  have  been  mistaken  for  instances  of 
tertiary  syphilis. 

Diagnosis  by  BCcrobic  Toxins.  While  the  number  of  specifa 
drawn  from  the  inorganic  world  are  so  small  in  number,  it  is  hoped 
that  microbic  cultures  will  furnish  some  such  specifics.  Hiis  hop 
is  founded  upon  the  investigations  of  Koch.  In  studying  the  effeds 
of  tuberculin,  this  author  showed  that  the  reactions  differ  markedly 
according  as  this  extract  of  cultures  of  tubercle  bacilli  is  injected 
into  a  healthy  or  a  tubercular  individual.  At  the  end  of  four  to 
five  hours  after  the  injection  a  chill  occurs,  and  the  temperature 
rises  as  high  as  102.2^,  104°  F.  and  even  higher,  105.8°  F.  (3y*,4(f  C. 
and  even  41®  C).  The  patient  feels  tired.  He  is  tortured  by  con- 
stant coughing,  has  at  times  nausea  and  vomiting.  He  experiences 
very  intense  pain  in  the  epigastrium,  extremities,  and  articulations. 
These  symptoms  last  from  twelve  to  fifteen  hoiu^ ;  but  may  be  pro- 
longed for  two  or  three  days,  or  be  followed  by  a  secondary  fevtr 
after  the  cessation  of  the  reaction,  depending  upon  infect  on  by  other 
microbes  (pneumococci,  staphylococci),  the  development  of  which fe 
favored  by  the  so-called  ' '  lymph.''  Coincidently  wdth  these  general 
disturbances  local  phenomena  in  the  tubercular  lesions  are  produced, 
which  may  readily  be  appreciated  by  obser\dng  what  occurs  in  the 
case  of  lupus.  The  diseased  parts  swell  and  become  red.  Hereaiw 
there  they  become  brown  and  necrosed.  Two  or  three  da)'s  ht^ 
the  redness  diminishes  and  the  lesion  is  covered  with  yellowish  cnu^t? 
formed  bv  the  air-dried  serum.    Two  or  three  weeks  later  the  crustf' 
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ecome  detached,  and  in  favorable  cases  leave  a  cicatrix  of  good 
ppearance.  Several  injections  are  generally  required  to  obtain  this 
Bsult.  In  tuberculosis  of  the  lymphatic  glands,  as  well  as  in  osseous 
nd  articular  tuberculosis,  the  reactions  are  less  intense,  but  they 
le  always  perceptible. 

It  was,  therefore,  hoped  that  the  so-called  ^  ^  lymph ' '  would  serve 
0  diagnose  tuberculosis,  and  thus  establish  the  nature  of  a  suspicious 
Bfflon  and  also  to  decide  whether  an  old  focus  was  really  cured, 
[lie  specific  value  of  tubercuUn  is  notably  diminished  by  the  fact 
hat  it  produces  intense  reactions  in  non-tubercular  cases,  for 
Dstance,  in  cases  of  cancer,  syph'lides,  scarlatina,  gonorrheal  cystitis, 
eprosy,  and  actinomycosis.  Several  authors,  and  particularly  Maydl, 
lave  observed  a  typical  reaction  in  healthy  individuals  who  had 
eceived  only  one  or  two  milligrams  of  the  *  ^  lymph. ' '  On  the  other 
land,  the  injection  does  not  always  produce  reactions  in  tuberculous 
ubjects.  Sometimes  the  general  phenomena,  and  sometimes  the 
ocal  manifestations,  are  lacking.  Furthermore,  various  substances, 
nicrobic  or  otherwise,  may  produce  in  tuberculous  individuals  dis- 
urbances  similar  to  those  caused  by  tuberculin.  Injections  of 
rtificial  serum  are  often  followed  by  marked  reactions,  and,  as  is 
hown  by  Hutinel,  these  may  be  utilized  for  diagnosis.  We  may, 
herefore,  conclude  that  Koch's  'Mymph^'  is  not  absolutely  specific. 
Hher  substances  behave  in  the  same  manner,  and  it  does  not  act 
ftlusively  upon  tubercular  lesions.  Nevertheless,  some  authors 
link  that  it  may  still  be  profitably  employed  at  least  in  animals, 
erman  veterinarians  who  have  studied  its  action  upon  tubercular 
'W8  have  obtained  reactions  with  doses  of  3  to  10  centigrams,  which 
oduce  no  disturbance  whatever  in  healthy  cows. 
Uallem.  The  discovery  of  tuberculin  by  Koch  led  bacteriologists 
search  for  analogous  substances  in  other  cultures.  Thus  Helman 
i  Kalning  prepared  a  substance  designated  mallein,  which  has 
m  the  subject  of  niunerous  investigations,  especially  by  Preusse, 
arson,  Foth,  Babes,  Nocard,  and  Bonome. 
[noculation  of  mallein  into  animals  suffering  from  glanders  pro- 
ces  at  the  injected  point  a  hot,  painful  tumefaction  which  increases 
'  twenty-four  or  thirty-six  hours,  and  disappears  in  eight  or  ten 
ys.  Synchronously  the  general  state  is  modified.  There  is  pros- 
tlion;  the  animal  looks  depressed,  anxious;  its  breathing  is  ac- 
Lerated,  and  it  may  have  chills  and  convulsions.  A  febrile  move- 
-nt  finally  sets  in  which  reaches  its  maximum  after  ten  or  twelve 
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hourSy  seldom  later.  Hie  rise  in  temperature  amoimtB  to  2T  to 
4.5""  F.  (LS"  to  2.5""  C).  It  is  to  be  noted  that  the  mallein  terti 
conclusive  only  in  those  cases  in  which  the  inoculation  is  madeupn 
animals  having  previously  been  at  rest  for  forty-eight  houn  ni 
protected,  after  inoculation,  against  atmospheric  variations. 

If  reaction  is  clear — i.  e.,  if  the  thermal  elevation  is  regolailf 
produced  and  reaches  2.7^  F.  (1.5^  C.)y  the  existence  of  ^anden 
may  be  affirmed  with  a  fair  d^ree  of  assurance.  If  the  temperatote 
is  raised  3.6^  F.  (2^  C),  diagnosis  is  positive,  and  the  animal  is  kOIei 
When  reaction  is  incomplete  or  irr^ular  the  animal  is  left  at  rat 
for  four  to  six  weeks,  and  then  the  experiment  is  resumed  litb 
little  larger  doses. 

The  employment  of  mallein  has  rendered  immense  service.  1^ 
revealing  with  a  fair  degree  of  certainty  the  existence  of  g^aoden 
and  treat  it  from  the  very  beginning,  mallein  will  certainly  sem 
to  decrease  and  finally  extinguish  this  disease.  Hie  mallein  M 
may  also  be  applied  to  man,  provided  small  doses  are  enqiloyel 
It  has  thus  been  injected  with  success  by  Bonome  and  by  Buseke. 

Secapitiilation.  The  foregoing  various  scientific  procedures  of 
diagnosis,  which  are  mostly  drawn  from  recent  bacteriolopeal  <ii- 
coveries,  may  render  immense  service  to  the  nosologist  by  enabfing 
him  to  give  a  solid  basis  to  clinical  observations;  but  they  vni 
less  importance  in  practice.  In  spite  of  their  apparent  simplidtjr 
they  require  a  vast  amount  of  technical  experience,  and  the  porififB 
character  of  laboratory  researches  renders  possible  quite  harmfol 
errors.  It  should  not,  therefore,  be  imagined,  as  is  too  often  done, 
that  bacteriology  will  furnish  the  physician  with  simple  and  certain 
procedures.  The  difficulties,  although  of  a  different  character,  exist 
none  the  less.  Even  supposing  that  the  practitioner  has  acqubed 
sufficient  skill  to  utilize  the  modern  methods  of  investigation,  it 
must  be  remembered  that  bacteriology  is  incapable  of  solving  a" 
the  problems  which  confront  the  physician  in  connection  with  each 
particular  case  observed.  WTien  he  recognizes  that  the  distiirbaM«s 
are  due  to  a  definite  microbe  he  wdll  not  have  finished  his  task.  A 
complete  diagnosis  must  answer  many  other  questions.  For  ex- 
ample, a  patient  whose  expectorations  contain  the  pneumococcu^ 
and  whose  respiratory  apparatus  is  the  seat  of  a  lesion  dependent 
upon  this  microbe,  may  have  a  bronchitis,  or  a  capillary  bronchitis 
or  a  broncliopneumonia,  or  a  fibrinous  pneumonia.  The  s0^ 
microbe  is  concerned  in  all  four  instances ;  but  the  affection  f^ 
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dueed  is  quite  different  from  the  quadruple  standpoint  of  anatomico- 
IMithologicai  localization,  evolution,  prognosis,  and  treatment.  It 
may  be  answered  that  the  nature  of  the  morbid  reaction  is  not  of 
prime  importance,  and  that  the  point  to  be  decided  is  the  nature 
of  the  pathogenic  agent.  As  soon  as  this  is  done  the  specific  treat- 
ment can  be  applied  and  the  evolution  of  the  disease  arrested.  For 
the  present,  however,  this  is  a  dangerous  utopia.  Even  in  the  case 
of  diphtheria,  the  only  infection  for  which  we  possess  a  specific,  the 
lAysician  will  be  bitterly  disappointed  if  he  fancies  that  it  suffices 
to  inject  antitoxin  as  soon  as  the  bacillus  is  discovered.  On  the 
contrary,  he  must  establish  a  complete  diagnosis,  determine  the 
state  and  extent  of  the  lesions,  and  learn  under  what  conditions 
these  develop  and  in  what  kind  of  soil  they  evolve. 

Boles  of  Glinical  Diagnosis.  It  is  evident  that  the  questions 
iHiich  must  be  solved  in  the  presence  of  a  patient  apparently  suflfer- 
ing  from  an  infection  vary  from  one  case  to  another.  They  may, 
nevertheless,  be  grouped  in  the  following  manner: 

1.  What  are  the  present  disturbances?  The  sensations  felt  by 
the  patient,  the  objective  phenomena  which  he  presents  enable  the 
physician  to  answer  this  first  question.  He  may  thus  lay  down 
the  symptoms  which  he  observes. 

2.  What  is  the  inmiediate  cause  of  these  disturbances,  namely, 
^  what  organs  or  systems  are  they  to  be  associated?  This  second 
question  is  more  difficult.  In  fact,  symptoms  are  divided  into  two 
poupe.  Some  of  them  express  the  suflfering  of  an  organ  and  imme- 
<liately  draw  the  attention  of  the  physician  to  this  organ.  Cough 
*  dyspnea  leads  him  to  auscultate  the  lungs.  Palpitation  of  the 
feirt  leads  him  to  examine  the  heart,  and  impotence  of  the  lower 
extremities  leads  him  to  study  the  nervous  system.  If,  however, 
kfi  weighs  the  close  synergies  connecting  the  various  parts  of  the 
^^Jganism  he  will  remember  that  the  disorders  of  these  organs  may 
<fcpend  upon  some  other  organ.   Thus  we  arrive  at  the  third  question. 

3.  Are  the  sufifering  parts  primarily  or  secondarily  affected?  Are 
their  disorders  or  lesions  independent  or  due  to  the  same  cause? 
Among  the  organs  affected,  in  which  one  did  the  disorders  upon 
^ch  the  other  symptoms  depend  first  become  manifest? 

All  these  questions  may  be  solved  only  in  one  way.  The  physician 
^Mslt  examine  systematically  the  various  parts  of  the  organism, 
^€8e  which  seem  to  be  diseased  as  well  as  those  which  appear 
J^ealthy. 


I  Hii* 


However,  evei 


cases,  may  profitably  be  resorted  to. 
for  the  microbe  enables  the  physician  to  assign  to 
true  place  in  nosology,  his  task  is  not  yet  completed 
and,  perhaps,  the  most  important  question  to  solve,  i 
and  part  of  the  treatment  depend  upon  it,  namely: 
6.  In  wliat  soil  is  tlie  disease  evolving?  \Vhat  cL 
it  assume?  WTiat  organs  are  secondarily  involved? 
a  complete  examination  of  the  patient,  the  physiciar 
finds  sufficient  data  to  answer  the  questions  conr 
diagnosis.  Although  he  cannot  always  reach  defin 
he  can  at  least  make  a  more  or  less  close  approa< 
At  the  begiiming  of  the  disease  he  may  remain  in 
hesitates  only  between  two  or  three  hypotheses,  s 
after  a  day  or  two  the  evolution  of  the  disease,  bj 
clinical  aspect,  leads  him  to  an  exact  and  definitiv 
the  events.  Thus,  for  example,  he  is  called  to  det 
a  child  or  a  young  man  suddenly  attacked  by  anj 
fever,  a  rapid  pulse,  a  coated  tongue,  and  a  red  th 
yellowish  exudate  upon  the  tonsils.  The  diagnosis 
is  evident,  but  what  is  the  nature  of  this  angina? 
difficult  to  determine,  am\  yet  the  question  is  of  pr 
from  a  prognostic  and  therapeutic  standpoint.  Th( 
the  pultaceous  aspect  of  the  tonsillar  deposit,  ai 
inflammatory  reaction  lead  the  physician  to  elimir 
But  is  the  case  one  of  simple  angina  or  of  a  scai 
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In  other  cases  an  exact  diagnosis,  which  seems  to  be  justified  by 
JO  fpiptom,  may  be  laid  down  from  the  very  beginning.  Thus  a 
ihiid  ei^t  or  ten  years  of  age  Is  suddenly  taken  by  intense  fever, 
I  suffers  from  dyspnea  and  a  very  irritating  dry  cough.  The  faee 
icongested,  the  cheeks  red,  and  the  temperature  at  104°  F.  (40°  C). 
Jthou^  auscultation  gives  negative  results,  the  physician  diagnoses 
MUmonia,  and,  in  reality,  after  twenty-four  hours,  sometimes  after 
ro  or  three  days,  the  characteristic  bronchial  murmur  is  heard. 
ifing  to  a  little  practice  the  diagnosis  was  made  at  the  outset  in 
dte  of  the  absence  of  stethoscopic  signs  and  in  spite  of  the  presence, 

KTtain  instances,  of  nervous  phenomena  and  even  convulsions, 
luch  might  first  lea^i  to  a  diagnosis  of  meningitis. 
It  vould  be  easy  to  multiply  illustrations.  These  few  suffice  to 
tablish  that,  in  most  infections,  diagnosis  may  be  made  if  the 
hole  organism  is  systematically  and  minutely  examined. 
When  the  physician  has  recognized  the  nature  of  the  disease  he 
18  not  yet  completed  his  task.  Let  us  suppose  the  case  of  a  man 
tio  has  been  suddenly  taken  by  a  chili,  followe<l  by  pain  in  the  side, 

I  irritating  cough,  brick-dust  expectoration,  and  intense  fever. 
a  luscultation  we  find  in  one  of  the  lungs  a  focus  of  crepitant 
Iw  or  ttibal  murmur.  The  state  of  the  lung  explains  all  the  dis- 
ders,  and  the  evolution  of  the  disease  enables  us  to  state  that  we 
t  dealing  with  an  infection — i.  c,  pneumonia.  We  have  thus 
swered  all  the  questions  which  we  had  to  solve,  except  the  last 
e.  It  was  easy  to  make  the  diagnosis  of  pneumonia  in  this 
'tance. 

It  is  more  difficult  to  determine  in  what  soil  the  infection  evolves. 
this  connection  it  is  important  carefully  to  interrogate  tlie  jjatient 
regards  Ms  hereditary  as  well  as  personal  morbid  antecedents, 
tiiia  connection,  also,  all  the  viscera  must  be  carefully  examined. 
le  physician  does  well  to  auscultate  the  lungs  in  order  to  recognize 
B  disease;  but  he  must  never  be  contented  with  so  summary  a 
igaosis.  Tlie  prognosis  and  the  treatment  are  to  be  based  upon 
f  knowledge  he  acquires  of  the  previous  condition  of  the  subject 
dthe  present  state  of  the  various  organs.     Then,  and  then  only, 

II  he  reach  a  complete  diagnosis  and  be  able  to  foretell  the  evolution 
the  disease.      If  pneumonia  develops  in  a  young  and  vigorous 

dividual,  recovery  is  the  rule.  If  it  occurs  in  an  aged  person, 
6  termination  is  in  most  cases  fatal.  In  both  of  these  instances 
'tholt^'  seems  to  furnish  sufficient  information.      Let  us  now 
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consider  an  apparently  vigorous  patient  attacked  by  pneumonia 
One  might  believe  that  he  will  recover  without  much  hinderance.  Oi 
making  a  syBtematic  examination  of  his  organs  and  an  analysis  a 
the  luine  a  lesion  until  then  latent  is  discovered,  a  cardiac  affection 
a  sclerosis,  or  else  albuminuria,  or  glycosuria,  or,  lastly,  there  an 
found  secondary  localizations  in  other  organs,  endocarditis  or  myo- 
carditis. The  evolution  will  then  be  diflferent.  An  exact  conceptioD 
of  the  disease  is  obtained  by  careful  examination  of  the  entire 
organism. 

The  example  which  we  have  chosen  was  a  simple  one.  At  any 
rate,  it  may  be  said  that  it  is  relatively  easy  to  diagnose  an  mfectioiM 
disease.  The  physician  has  to  deal  with  a  recent  acute  evolution, 
all  the  phases  of  which  are  observable,  since  he  is  examining  the  ca« 
at  a  stage  quite  near  the  beginning  of  the  evolution.  In  most  cases, 
in  order  to  arrive  at  a  diagnosis,  it  suffices  to  have  studied  pathologj 
well.  The  only  important  point  is  to  make  a  complete  diagnosis 
for,  as  we  have  often  repeated,  the  manifestations  are  far  mo« 
diffuse  than  is  at  first  believed.  The  microbic  toxins  affect  ik 
whole  economy,  and  the  duty  of  the  clinician  is  to  learn  what  part 
are  affected  and  in  what  degree  they  are  involved.  To  find  th< 
designation  xmder  which  the  infection  is  to  be  classed  is  a  relativelj 
easy  task :  but  diagnosis,  however  exact  it  may  appear  to  be.  '^ 
incomplete  and  insufficient,  and  answers  only  the  first,  the  easiest 
and  the  least  important  part  of  the  problem. 

In  order  to  facilitate  the  task  of  the  physician,  nosologists  hav< 
admitted  a  certain  number  of  clinical  forms  in  infectious  diseases 
Taking  typhoid  fever  and  pneumonia  as  examples,  we  have  showr 
how  it  is  possible,  by  considering  either  the  state  of  the  subject  oi 
the  general  disturbances  or  the  localizations,  to  classify  the  various 
types  and  furnish  precise  indications  for  the  guidance  of  the  physician 
These  forms,  however  numerous  they  may  be,  do  not,  of  coui^ 
respond  to  all  the  clinical  varieties  and  their  innumerable  variation? 
but  they  may  supply  valuable  data,  and  must,  therefore,  be  most 
carefully  studied.  In  certain  instances  the  complexity  of  the 
clinical  form  is  due  to  the  coexistence  of  various  manifestations  ^^ 
multiple  locaHzations.  It  is,  therefore,  very  difficult  at  times  to 
connect  them  with  each  other.  Thus,  we  may  have  to  deal  ^nth  a 
case  of  erysipelas  in  which,  at  a  given  moment,  a  pulmonary  murniur 
is  detected.  Is  the  process  a  streptococcic  infection — i.  f .,  a  xiscersi 
localization  dependent  upon  the  agent  which  has  caused  the  f^^ 


DIAGNOSIS  AND  PROGNOSIS  OF  INFECTIOUS  DISEASES.    631 

lisease?  or  is  it  an  infection  due  to  a  superadded  microbe,  the 
meumococcus?  Both  varieties  of  pneumonia  have  been  observed 
D  erysipelas,  and,  without  bacteriological  examination  of  the  sputa, 
\  is  generally  impossible  to  make  the  diagnosis. 
The  difficulty  is  still  greater  when  the  pathogenic  agents  are 
nknown.  In  an  individual  presenting  a  scarlatiniform  eruption 
)incident  with  other  infectious  manifestations,  how  can  we  affirm 
hether  the  case  is  one  of  erythema  or  a  true  scarlatina?  It  would 
)  equally  right  to  hesitate  in  certain  cases  in  which  multiple  artic- 
ar  symptoms  occur  in  scarlatinal  patients  at  the  period  of  con- 
ilescence.  Do  they  depend  upon  scarlatina  or  a  concomitant 
ute  articular  rheumatism?  Not  infrequently  the  physician  re- 
uiis  in  doubt  with  regard  to  all  these  questions.  In  order  to 
ifisify  and  interpret  the  disturbances,  the  physician  does  not  need, 
is  often  stated,  a  particular  talent,  a  sort  of  divining  gift.  The 
ill  of  making  a  diagnosis  is  not  inborn.  On  the  contrary,  it  is 
quired  by  theoretical  and  practical  study  of  pathology  and  by 
peated  examination  of  patients.  As  a  matter  of  fact,  we  see  in 
nics  cases  far  more  complex  than  the  study  of  pathology  makes 
believe.  Didactic  studies  give  only  schematic  descriptions, 
ley  consider  diseases  in  their  fundamental  and  constant  characters, 
jardless  of  the  soil  in  which  they  run  their  course.  It  is  precisely 
«ause  this  soil  is  so  eminently  variable  that  cUnical  types  are  so 
unerous  and  varied.  The  duty  of  the  physician  is,  therefore,  to 
tennine  the  soil  in  which  the  disease  evolves,  and  from  this  deter- 
ination  he  must  draw  the  greater  part  of  his  knowledge  of  its 
tenor  evolution. 

After  the  physician  has  succeeded  in  discovering  the  present  state 
the  patient,  his  resistance,  his  reactionary  aptitudes,  the  functional 
tivity  and  alterations  of  his  organs,  he  wall  be  in  a  position  to 
5dict  the  evolution  of  the  process  he  observes.  To  answer  this 
t  question  is  to  establish  a  prognosis,  that  is,  to  solve  the  most 
Bcult  and  important  problem  in  medical  art. 

Prognosis. 

t  is  evident  that,  in  the  matter  of  prognosis,  the  nature  of  the 
-ase  is  first  to  be  considered.  Certain  infections  almost  always 
Eninate  fatally,  and  others  end  in  recovery.  In  such  cases  prog- 
is  is  drawn  simply  from  diagnosis.    Tubercular  meningitis,  acute 


632  INFECTIOUS  DISEASES. 

mania,  and  hydrophobia  are  always  or  nearly  always  fatal.  On  the 
other  hand,  varicella,  mumps,  herpetic  anginas,  and  simple  pneumoma 
in  children  always  or  nearly  always  end  in  recovery.  Nothing  seeiM 
to  be  simpler.  Even  in  these  cases,  however,  there  are  exceptions. 
\'aricella  at  times  proves  fatal,  and  a  good  number  of  distinguished 
phj'sicians  assert  that  tubercular  meningitis  is  curable.  These  ex- 
ceptions, one  may  say,  should  not  be  taken  into  account.  Let  us. 
therefore,  set  aside  these  facts  and  consider  the  most  frequent  cases. 
WTien  we  have  to  deal  with  an  infection  wth  variable  prognosis, 
whence  shall  we  draw  our  data  of  appreciation?  We  may  first 
resort  to  statistics.  From  this  point  of  view  I  have  looked  up  the 
obser\'ations  in  our  wards  during  the  last  five  years.  These  obser- 
vations are  8832  in  number,  comprising  602  fatal  cases,  that  is,  a 
proportion  of  6.8  per  cent.  From  tabulation  of  these  figures  le 
may  draw  certain  important  conclusions  with  reference  to  prog- 
nosis. In  fact,  it  will  not  sufllce  to  consider  the  results  in  a  general 
way.  Although  it  is  interesting  to  know  what  the  general  mor- 
tality is  in  each  disease,  it  is  indispensable  to  push  analysis  a  littk 
further.  Here  are  some  conclusions  regarding  the  influence  of  age 
and  sex  upon  prognosis : 

Influence  of  Age.  It  may  broadly  be  stated  that  mortality  is 
very  high  iluring  infancy  and  is  considerably  reduced  after  two 
year?  of  age.  In  the  adult,  according  to  the  disease  under  considera- 
tion, mortality  may  be  greater  or  less  than  that  in  second  childhood. 
Thus,  in  measles,  scarlatina,  varicella,  diphtheria,  and  anginas  the 
mortalitv  in  adults  is  far  below  that  in  children.  Such  Ls  not  the 
c:ise  vdxh  erysipelas.  The  mortality,  which  is  45  per  cent,  before 
two  years,  falls  to  0  between  two  and  fourteen  years  of  age.  Between 
fifteen  and  thirty  years  it  hardly  exceeds  1  per  cent.:  then  it  rise? 
with  age.  It  oscillates  around  4  or  5  per  cent,  from  thirty-one  to 
fifty  yeiirs  of  age.  It  may  be  remarked  that,  dtu-ing  infancy,  ery- 
sipelas kills  of  itself  by  streptococcic  generahzation.  In  the  adult. 
on  the  contnu-y.  death  commonly  results  from  a  complication  or  * 
previous  organic  lesion  which  has  weakened  the  resistance.  The 
influence  of  age  is  no  less  important  in  other  diseases,  especially^ 
measles.  Duruig  infancy  the  mortality  reaches  27.7  {^er  cent  it 
falls  to  6.6  i>er  cent,  in  childhood,  and  to  0.8  per  cent,  in  adult? 
Three  principal  factors  explain  the  higher  percentage  in  youn? 
children,  namely,  bronchopneumonia,  tuberculosis,  and  suppur^* 
tions  and  gangrenes.    The  influence  of  measles  upon  the  course  of 
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tuberculosis  has  long  been  noted.  The  younger  the  subject  the 
nwfe  marked  is  the  action  of  this  eruptive  fever  upon  the  evolution 
of  tuberculosis.  Broncliopneumonia,  suppurations,  and  gangrenes 
<Iepeud  upon  common  germs,  which  are  closely  allied  to  each  other, 
and  upon  pU8-«occt.  Young  children  are  particularly  predisposed 
lo  the  action  of  these  bacteria,  but  they  run  the  risk  of  infection 
especially  when  they  are  placed  under  bad  hygienic  conditions. 
Tbe  frequency  and  gravity  of  superadded  pyogenic  infections  in 
young  children  are  likewise  proved  by  the  study  of  other  diseases. 
ScArUtina,  which  has  little  tendency  to  affect  the  respu-atory  organs, 
may  kill  at  this  age  by  bronchopneumonia.  Finally,  varicella, 
which  is  too  often  considered  as  a  mild  disease,  gives  a  mortality 
of  more  than  7  per  cent. 

Inflaence  of  Sex.  The  influence  of  sex,  which  is  nil  during  child- 
bood,  varies  in  adult  age  according  to  the  disease  under  considera- 
tion. According  ti>  our  statistics,  mortality  is  the  same  in  both 
aews  for  scarlatina,  somewhat  higher  in  men  in  measles  and  especi- 
ally in  variola.  For  the  latter  infection,  the  mortality  Is  26.2  per 
Mat.  in  men,  and  22.1  per  cent  in  women.  The  ilifferences  are 
walogous  in  erj-sipelas.  In  this  affection  the  mortality  is  5.99  per 
*ttt.  in  men,  and  3.67  per  cent,  in  women.  I  believe  that  the 
"i^er  percentage  of  mortality  in  males  is  due  to  the  influence  of 
*'fohol.  Chronic  intoxication  by  alcohol  causes  nutritional  disturb- 
Wces  and  ^-isceral  lesions  which  lend  a  particularly  serious  character 
l''*  infections.  In  measles  and  scarlatina  mortality  is  nearly  the 
in  both  sexes,  because  the  individuals  attacked  are  still  very 
ig  and  are  not  yet  sufficiently  impregnated  with  alcohol.  Variola 
'd  erj-sipeias  are  often  observed  in  individuals  more  ad\'anced  in 

and,  therefore,  the  mortality  in  men  is  higher  than  in  women. 

This  is  the  information  that  may  be  drawn  from  the  statistics. 

spite  of  their  interest  they  are  insufficient  to  assist  materially 

diagnosis.    Therefore,  in  orrler  to  foretell  the  probable  evolution 

a  disease  it  is  necessary  to  coasider  the  data  of  another  order. 

I   tnflDence  ol  Epidemics.    Tlie  elements  which  serve  as  a  basis 

P"*"  prognosis  may  be  divided  into  two  groups.     On  the  one  hand, 

-le  characters  of  the  disease  must  be  considered,  viz.,  the  conditions 

P^der  which  it  is  developed,  the  symptoms  it  presents,  and  the  course 

r  follows.     Next,  the  soil  in  which  the  disease  evolves  is  to  be 

™tt<lied.    The  first  information  is  furnished  by  epidemiology.    It  is 

p^own  that  at  certain  moments  diseases  become  aggravated  or 


ih< 
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attenuated.  We  often  notice  dianges  in  the  evolution  of  influena, 
pneumonia,  and  typhoid  fever.  For  a  few  years  past  dii^tfaerii 
was  very  benign.  At  present  it  seems  to  assume  a  more  seriooi 
diaracter.  Hie  same  remark  may  be  made  with  regard  to  bcv- 
latina.  Moreover,  it  is  known  that  in  the  course  of  tiie  same  epi- 
demic the  gravity  follows  a  course  nearly  parallel  to  that  of  moh 
bidity.  Benign  cases  are  frequent  at  the  end  of  the  eindenuc 
The  hygienic  conditions  under  whidi  a  patient  is  placed  should  ab  I 
be  taken  into  consideration,  whether  he  is  being  treated  in  ahoqxtal 
or  at  home.  These  are  evident  truths  upon  which  it  is  usdeai  to 
dwell. 

Importance  of  Etiological  Oonditions.  Certain  importanee  i 
often  attached  to  the  knowledge  of  the  etiolo^cal  conditions.  It 
has  been  demonstrated,  however,  by  a  great  many  examples  that  a 
disease  contracted  from  a  profoundly  infected  individual  may  prove 
to  be  benign,  and  vice  verm.  In  this  connection,  nothing  is  root 
instructive  than  the  study  of  venereal  infections.  In  many  cm 
in  which  tliese  afiFections  have  been  transmitted  to  several  individnah 
under  etiological  conditions  as  similar  as  possible,  the  evolutKmia 
the  various  subjects  has  been  quite  different.  In  certain  ca8flB»  ] 
however,  an  exalted  virus  produces,  by  contagion,  grave  diseasea 
To  be  convinced  of  this,  it  will  suffice  to  state  what  occurs  with 
regard  to  pneumonia  in  certain  family  epidemics.  By  thus  follow- 
ing the  course  of  these  infections  successively  contracted  we  may 
often  see  the  process  become  more  and  more  serious  as  it  spreads- 
The  person  first  attacked  has  a  benign  infection,  which  assumes  a 
progressively  graver  character  as  it  is  transmitted  to  persons  about 
him.  Analogous  observations  have  been  made  by  Dr.  Quelme  with 
regard  to  dysentery  in  Bretagne. 

In  the  ease  of  an  inoculated  infection  prognosis  depends  partly 
upon  the  mode  of  entrance  of  the  virus.  The  gravity  of  extragenital 
syphilis  has  long  been  known.  A  better  example  is  furnished  by 
hydrophobia.  Not  to  speak  of  cases  in  which  bites  inflicted  upoa 
parts  protected  by  clothing  produce  no  symptoms,  statistics  show 
that  wounds  of  the  fingers  and  face  are  particularly  serious,  becau* 

• 

these  regions  are  rich  in  nervous  terminations.  The  mortality  JS 
about  87  per  cent,  for  bites  of  the  face,  66  per  cent,  for  those  of  th« 
hands,  29  per  cent,  for  those  of  the  upper  extremities,  and  19  P^ 
cent,  only  for  those  of  the  lower.  Finally,  it  may  be  stated  that 
in  the  case  of  infections  which  may  be  transmitted  by  several  pro- 
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hires  prognosis  is  least  serious  in  accidental  inoculation.  Glanders 
)duced  by  subcutaneous  inoculation  is  quite  often  cured.  It  is 
ewise  known  that  the  prognosis  of  anatomical  tubercles — i.e.,  con- 
wted  at  necropsy — is  generally  favorable. 
Importaiice  of  the  Duration  of  Incubation  and  of  the  Mode  of 
vision.  When  the  moment  in  which  the  infection  has  occurred 
a  be  determined,  it  is  possible  to  draw  some  information  from  the 
igth  of  incubation.  We  have  already  noticed  that  the  period  of 
nibation  is  abridged  under  two  quite  different  circumstances, 
mely,  when  the  virus  is  very  active  and,  consequently,  the  prog- 
sis  is  evidently  grave,  or  when  the  organism  is  capable  of  very 
ergetic  reaction  and  the  incubation  is  short  and  of  favorable  signifi- 
Qce.  The  difference  will  be  appreciated  in  view  of  the  concomitant 
cumstances. 

The  same  remarks  are  applicable  to  the  mode  of  invasion.  With 
very  sudden  and  tumultuous  onset,  an  infection  may  be  very 
align  and  even  very  short.  Therefore,  to  exactly  appreciate  the 
iportance  of  the  mode  of  onset,  we  must  consider  the  accompanying 
lenomena.  If  these  are  not  very  intense  this  suddenness  of  the 
itial  manifestations  indicates  a  favorable  evolution.  If  they  are 
itense,  a  grave,  or  at  least  a  serious,  form  may  be  predicted.  In 
!rtain  instances  the  knowledge  of  the  initial  manifestations  may 
rve  in  diagnosis.  Thus,  surgeons  have  estabUshed  an  important 
fference  between  phlegmons  which  begin  with  local  phenomena  and 
oee  attended  from  the  first  by  general  reactions.  In  the  latter 
rtance  the  profounder  impregnation  of  the  organism  is  connected 
th  a  greater  gravity  of  the  process. 

A  relationship  is  generally  believed  to  exist  between  the  duration 
invasion  and  the  gravity  of  a  disease.  This  the  author  does  not 
ieve  to  be  true  except  with  respect  to  variola.  In  this  infection 
hort  invasion,  not  exceeding  two  days  or  two  and  a  half  days,  is 
ign  of  confluent  variola.  An  invasion  lasting  three  or  four  days 
icates  a  discrete  variola.  It  is  true  that  an  eruption  beginning 
ar  four  full  days  is  seldom  confluent.  This,  however,  is  acceptable 
h  some  reservation. 

laaes  of  Prognosis  at  the  Stationary  Period.  As  a  rule,  when  a 
ease  has  reached  the  stationary  period  the  physician  possesses  all 
t  necessary  elements  for  prognosis.  These  elements  are  four  in 
cnber:  First,  the  local  lesion  or  the  principal  expression  of  the 
ection — ^the  eruption  in  cases  of  eruptive  fevers.     Second,  the 
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state  of  the  parts  surrounding  the  local  lesion.    Third,  the  general 
phenomena.    Fourth,  the  condition  of  the  principal  organs. 

Let  us  immediately  remark  that  if  an  analytical  examination  i' 
necessary,  the  prognosis  must  be  established  in  view  of  the  ensembli' 
of  the  researches  ahove  indicateil.  To  determine  the  ext^Dt  of  tb 
local  legion  or  the  intensity  of  the  general  phenomena  does  not  suffice 
These  two  orders  of  manifestations  must  l>e  compared  in  order  if' 
draw  a  conclusion  It  may  broadly  be  stated  that  prognosis  is  gravf 
in  proportion  as  the  local  lesion  is  intense  and  especially  extenaivc 
This  is  true  as  rt^artls  pneumonia  as  well  as  erysipelas  and  the  mift- 
tive  fevers,  and  particularly  so  with  respect  to  variola.  The  prog- 
nosis of  the  latter  disease  depends  entirely  upon  the  character  of  tbf 
eruption.  Of  course,  the  study  of  the  general  phenomena  is  impor- 
tant, but  that  of  the  cutaneous  manifestations  is  still  more  importint. 
The  condition  of  the  parta  surrounding  the  local  lesion  must,  as  a 
rule,  be  taken  into  consideration.  In  the  case  of  pneumonia  and  'i 
tuberculosis  the  information  furnished  by  the  examination  of  t!i6 
portions  of  parenchyma  spared  by  the  principal  process  is  of  coiiwl- 
erable  importance.  Tlie  phenomena  of  congestion  or  edema  ntiicli 
may  take  place  therein  greatly  affect  the  prognosis 

An  already  stated  the  conditions  of  the  local  lesion  ami  of  Uif 
general  state  must  he  compared.  Violent  general  reactions  are  mucii 
less  grave  than  adynamic  manifestations. 

Finally,  the  examination  must  be  completed  by  determiniog  thf 
condition  of  the  organs,  heart,  lungs,  and  liver,  and  by  analyzing  thf 
urine.  Thus  information  is  obtained  concerning  the  function  of  >!>^ 
the  imssible  complications  occurring  in  the  viscera.  This  complf- 
mentary  examination  shows  the  influence  of  the  present  intectio" 
upon  the  principal  organs,  and  thus  enables  us  to  form  an  idea  of  ih* 
previous  condition  and  pre-existing  lesions  of  the  organ.a.  In  th>* 
manner  we  obtain  valuable  indications  for  prognosis,  for  it  is  no' 
sufficient  to  determine  the  characters  of  the  present  disease,  i^* 
intensity,  and  the  lesions  which  it  produces  or  comphcatioos  to  whifl 
it  gives  rise.  We  iimst  know  the  soil  in  which  the  disease  evi 
in  order  to  establish  the  jDrognosis. 

We  hardly  need  dwell  upon  the  importance  of  tJie  general  sti 
the  individual  at  the  time  when  he  is  attacked  by  an  intercur 
disease.    AVe  know  the  gravity  of  an  infection  attacking  a  cached 
emaciated  individual  having  suffered  privations,  exposure,  ovem 
and  excessive  fatigue.     In  all  debilitated  individuals  evolutioi 
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pave,  anil,  the  defensive  reactions  being  often  nearly  impossible,  a 
fatal  termination  soon  takes  place.  Fatigue  and  overwork  not  only 
ttnder  prognosis  unfavorable  by  aggravating  the  course  of  the  dis- 
ease, but  also  by  favoring  certain  morbid  localizations.  We  have 
ulready  referred  to  the  frequency  of  myocarditis  in  o\'erworked  indi- 
viduals. In  certain  cases  the  cardiac  infection  ends  in  the  formation 
of  an  abscess.  In  other  instances  overexertion  gives  rise  to  cerebral 
localizations.  It  will  suffice  to  recall  the  frequency  of  delirium  under 
these  conditions.  We  have  a  more  palpable  illustration  in  cerebral 
rheumatism,  a  grave  manifestation  which  is  observed  only  among  a 
certain  class  of  indi^-iduals. 

Nutritional  disturbances  depenileut  upon  a  diathetic  state  likewise 
ejcerdse  an  unfavorable  influence  upon  the  course  of  infections.  The 
gravity  of  infections  in  the  obese  may  be  cited  as  an  example  of  this. 
"Hie  very  thick  adipose  tissue  seems  to  prevent  the  dissipation  of  heat 
in  fever.  On  the  other  hand,  the  disorders  of  nutrition  engendered 
by  obesity  render  the  reactions  sluggish  and  less  energetic.  Hence, 
after  the  termination  of  the  disease  its  effects  are  prolonged  beyond 
Uie  usuai  limits.  The  ill-nourished  skin  is  easily  invaded  by  external 
'  gnns.  Not  infrequently  furuncles,  anthrax,  and  especially  sloughs 
"Wcnr,  particularly  in  the  sacral  region. 

Among  the  diseases  connected  with  disturbances  of  nutrition  we 
may  cite  gout  antj  diabetes.  In  this  connection  gout  is  of  little 
importance.  We  have  observed  several  cases  of  erysipelas  in  gouty 
individuals  in  whom  the  evolution  terminated  in  a  favorable  manner. 
51ierflle  of  diabetes  is  more  important.  It  is  known  that  this  disease 
[WdlBposes  to  cutaneous  ijifections,  pulmonary  inflammations  and 
ti^culosis.  It  imparts  to  these  processes  a  particularly  rapid  and 
F*ve  evolution.  Infections  of  the  skin  and  lungs  are  easily  compli- 
Wed  with  gangrene.  In  other  cases  jjneumonia  assumes  a  galloping 
^^wk.  The  gravity  of  infections  should  not,  however,  be  exagger- 
ated as  regards  diabetic  patients.  We  have  seen  several  such  patients 
Mtaeked  by  erysipelas,  and  all  recovered.  It  is  true  that  the  infec- 
"on  was  |>artieularly  intense,  attended  by  delirium,  and  prolonged 
^J'ond  the  average  duration. 

Another  element  of  prognosis  is  lirawn  fi-om  the  knowledge  of  pre- 
'^OUb  infections  and  especially  intoxications  of  the  intlividual.  With 
'"cference  to  relapsing  infections  it  has  been  asserted  that  successive 
attacks  gradually  lose  their  intensity.  This  law  does  not  seem  to 
*"e  author  quite  true.    It  is  not  true  with  regard  to  erysipelas,  and 
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many  cases  are  on  record  in  wfaidi  individuals  have  succumbed  toi 
second  or  third  attack  of  variola. 

In  treating  of  microbic  associations  we  have  shown  the  rdie  of 
previous  or  concomitant  infections  and  emphasised  the  fact  tint 
results  varied  according  to  the  case  under  observation.    It  maj  b 
recalled  that  erysipelas  occurring  during  convalescence  from  scaiii- 
tina  is  very  benign,  ^ihile  pneumonia  supervening  in  the  coune  of 
erysipelas  is  always  highly  dangerous.    It  is  evident  that  a  pn- 
existing  chronic  infection  aggravates  the  prognosis  of  an  intocuneDt   i 
infection.    This  is  true  as  regards  syphilis,  malaria,  and  espedillf 
tuberculosis.    Furthermore,  intercurrent  disease  may  awaken  a  pn- 
vious  infection,  bring  about  a  recurrence  of  malarial  paroxysms,  and 
impart  to  a  chronic  tuberculosis  an  acute  course. 

Previous  intoxications  likewise  modify  prognosis.  Owing  to  (fis- 
turbances  of  nutrition  and  the  organic  lesions  to  wliich  they  ghe 
rise,  they  aggravate  infections.  Alcoholism  is  to  be  considered  ini 
particular  manner  in  this  connection.  It  is  not  so  much  by  ques- 
tioning the  patient  as  by  analysis  of  the  phenomena  observed,  lul 
particularly  cerebral  symptoms,  that  the  physician  recogniieB  thii 
intoxication.  We  may  repeat,  however,  that  alcohol  acts  not  ofllj 
upon  the  nervous  system,  but  causes  important  lesions  in  the  visccrt 
and  particularly  in  the  liver.  We  are  thus  led  to  investigate  the  rfte 
of  visceral  aflfections  upon  the  course  of  infections  and  their  impor- 
tance from  a  prognostic  standpoint. 

Role  of  Previous  Visceropat^es.  As  has  abready  been  stated,  the 
lesions  of  the  heart  do  not  markedly  aggravate  the  prognosis.  Con- 
trary to  what  might  be  supposed,  a  chronic  endocarditis  seldom  fonw 
the  focus  for  a  new  cardiac  localization.  The  prognosis  depends,  not 
upon  the  extent  or  the  nature  of  the  valvular  lesion,  but  upon  the 
condition  of  the  cardiac  muscle  and  the  influence  which  its  disord^ 
may  have  exerted  upon  various  organs.  Hence,  chronic  myo- 
carditis renders  prognosis  more  unfavorable  than  an  aortic  or  mitra* 
leson. 

Lesions  of  the  lungs,  aside  from  tuberculosis,  may,  when  th^l 
disturb  hematosis,  hinder  oxidation.  They  have  also  the  incom'eJ^' 
ence  of  disturbing  the  action  of  certain  therapeutic  methods.  Bat  tv' 
even  when  lukewarm,  are  very  badly  borne  by  emphysematous 
jects.  Finally,  when  pulmonary  lesions  influence  the  heart,  t 
produce  through  this  organ  visceral  disturbances  the  importan 
which  we  are  about  to  consider. 
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Ijesions  of  the  kidneys  Dotwithetanding  that  they  hinder  organic 
^puration,  do  not.  render  prognosis  very  unfavorable.  No  doubt  we 
often  see  a  Bright 's  patient  succumb  to  an  infectious  complication, 

suppuration,  erysipelas,  or  pneumonia;  but  this  is  at  the  last  period. 

Wheo  the  individual  is  still  resistant  he  endures  well  an  intercurrent 
infection,  notably  erysipelas.  Lesions  of  the  liver  are  of  greater  con- 
sequence, but  we  must  make  an  important  distinction  analogous  to 
Ihat  which  we  have  admitted  with  reference  to  the  heart.  It  is  not 
Ihe  extent  or  the  topography  of  the  sclerotic  lesions,  but  the  condi- 
tion  of  the  hepatic  cells  that  is  to  be  considered,  A  hypertrophic 
biliary  sclerosis  does  not  prevent  the  favorable  evolution  of  erysip- 
elas: an  atrophic  sclerosis  renders  the  prognosis  quite  serious  Tlie 
same  is  true  of  diffuse  steatosis  of  the  liver,  as  may  be  observed  in 
lln^lic  individuals.  The  lesion  of  the  cells  explains  the  develop- 
IBent  of  nervous  accidents,  notably  delirium  tremens,  and  accounts 
for  tie  fatal  termination.  It  is  well  to  bear  in  mind,  however,  that 
hepatic  lesions,  even  when  extensive,  sometimes  remain  latent.  On 
the  occasion  of  an  intercurrent  infection  symptoms  of  hepatic  insuf- 
fideucy  may  become  manifest.  Affections  of  the  stomach  and  intes- 
tuemay  favor  or  hinder  various  infectious  lesions.  Hence,  the  great 
•wvice  of  gastrointestinal  antisepsis  in  the  therapeutics  of  the  most 
Wried  infections.  It  may  also  be  stated  that  predisposition  plays  a 
Toy  important  rflle  in  the  development  of  grave  nervous  manifesta- 
^la,  and  thus  accounts  for  the  persistence  or  the  appearance  of 
Wtain  disorders  which  may  persist  after  recovery. 

Btneral  Roles  of  Prognosis.  It  is  evidently  impossible  to  lay 
■lowi  general  rules  of  prognosis.  We  have  mentioned  the  principal 
IMstions  which  the  clinician  has  to  solve.  We  may  explain  the 
BwUiod  by  an  example.  Let  us  suppose  that  we  are  dealing  with  a 
W*of  pneumonia.  Examination  of  the  lungs  is  of  prime  importance 
'or  diagnosis,  but  not  so  for  prognosis.  It  is  undoubtedly  interesting 
*  know  the  extent  of  the  hepatized  zone,  which  may  be  judged  by 
"le  extent  of  the  tubal  murmur;  but  a  more  important  element  to 

**  considered  is  the  condition  of  the  parts  surrounding  the  morbid 

'°CU8  and  the  extent  and  intensity  of  concomitant  congestion.    The 

I^ther  organs  are  to  Iw  considered  more  than  the  lungs.  Examination 
,  '  the  urine,  of  the  liver,  and  especially  of  the  heart,  is  of  chief 
■ 
I 


■**f>ortance  in  the  diagnosis.  An  excessive  acceleration  of  the  heart- 
^ta,  their  weakness,  and  the  appearance  of  fetal  rhythm  must  guide 
-*tli  prognosis  and  therapeutics.    Moreover,  we  must  determine  the 
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constitutional  ground  upon  which  this  pnei 
mth  the  same  lesion  and  with  the  same  inf] 
the  other  organs  the  prognosis  differs  acco: 
of  a  young  or  old,  robust  or  debihtated,  ten 
vidual. 

When  all  these  problems  have  been  solvt 
cian  is  not  yet  over.  Prognosis  must  auf 
questions:  1.  What  will  be  the  terminatioi 
2.  \\'hat  is  its  bearing  upon  the  future  of  t 
importance  is  it  for  his  descendants?  It  shi 
mined  whether  the  disease  will  be  cured  wil 
ciable  traces  and  whether  some  disturban( 
quence.  It  should  be  decided  whether  rel 
apt  to  take  place,  and  whether  they  can  pos 
It  should  also  be  predicted  whether  there  w 
remote  future,  or  whether  the  descendants  o1 
to  degeneration  or  sickness.  Along  with  the  p 
the  progno-sis  of  the  race  must  be  laid  dowi 
has  the  physician  answered  all  the  questloni 
him  on  confronting  each  patient. 

In  establishing  the  rules  of  prognosis  we  h, 
simple  clinical  procedures.  As  a  matter  of 
ures  are  in  this  respect  of  little  importance. 
that  bacteriology  would  supplant  clinical  ( 
of  diphtheria  led  to  the  erroneous  conclusi 
cultures  enabled  one  to  determine  the  gravi' 
absence  of  clinical  observation  of  the  patien 
found  to  be  uncomplicated,  and  if  the  baci 
serum  medium  was  not  too  long,  the  progi 
on  the  contrary,  the  bacillus  was  long  an( 
streptococci,  the  prognosis  was  grave.  Al 
deuce  may  at  times  be  observetl,  it  is  far  f 
cannot  replace  examination  of  the  sick  or  ev 
based  upon  clinical  observation.  We  likew 
tical  information  can  be  derived  from  inc 
Apart  from  the  difficulties  of  the  method,  th( 
to  be  taken  as  a  basis  of  prognosis.  A  micrt 
infrequently  proves  inoffensive  for  animals, 
P.  Courmont  has  recently  proposed  an  ingt 
prognosis  based  upon  the  intensity  of  the 
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This  method  is  evidently  veryinteresting  and  perfectly  rational,  since 
H  IB  founded  upon  the  appreciation  of  the  organic  reactions  against 
tite  infection,  but  it  has  thus  far  been  applied  to  typhoid  fever  alone, 
and  while  it  may  render  some  service,  it  is,  Uke  all  other  laboratory 
procedures,  too  complex  and  deUcate  to  enter  into  current  practice. 
We,  therefore,  conclude  that  prognosis  even  more  than  diagnosis 
Aould  be  based  upon  simple  procedures,  upon  an  attentive  exam- 
ination of  the  patient,  and  minute  and  complete  analysis  of  the  dis- 
turbances which  he  presents.    As  for  diagnosis,  so  for  prognosis :    It 
is  not  by  a  sort  of  divining  power  that  the  physician  succeeds  in 
'.    fiolviDg  the  problems  presenting  themselves  with  each  case,  but 
[   amply  by  a  profound  study  of  pathology  and  long  clinical  experience. 
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THERAPEUTICS  OF  INKEC 

Geiieml  ConsiderBtions  on  the  TI»-ra|ieuUc»  of 
Equivalenw  of  MediPioea.  Actioii  of  Medidi 
viduals.  Principal  Thempeulio  MelJintU  E 
Mclhod.  Pliywc&i  Agents.  Clieiiucftl  Ajitisep' 
Power  of  Hedicinen.  Choice  of  Antifleptioa. 
of  tlic  C^nital  uid  L'riiiBry  Orgniui.  AntlBrpd 
of  Pumleut  Tlhinitea.  Antiappsis  of  the  Itesi 
Alimeulary  Canst.  Imporlani??  of  losalubl 
Membrtuiea.  Intestinal  Atilisepeis,  Emplo; 
Genenil  AntisepMB.  Anlitoxinic  Method.  Si» 
Iodine,  and  Salicylic  Acid.  BacteriotlierBpy. 
Str^ptococeufl  and  B.  prodtgiosUfi.  Attempts 
Mallfin,  Serumtherapy.  Genend  Priociplei 
therapy.  SenimthcrHpy  against  Cholera,  C 
Glandejv,  Bubonic  Plague,  PneumococcoHiH, 
BlophylocoocodB,  Streptooocpoaia,  Puerperal  i 
Fever,  Eruptive  Fevers,  Vaccinia,  Variola,  an 
Ijooa  ot  Serum.  AccideDla  Aaeribuble  to  Ser 
ManlTeetations;  Fever;  Albumiuiiria.  Hemorr 
PoBt-senim  Theiapic  Hysteria.  Prognoaia  of 
Action  of  Therapeutic  Seruins.     Connlusions. 

By  their  natural  evolution,  acute  inft 
The  tlut.y  of  the  physician  is  to  obsen 
by  nature,  and,  thus  inspired,  to  dire 
stimulate  or  restrain  tliem,  as  the  case 

The  organism  endeavors  to  destroy  ai 
to  neutralize  and  eliminate  toxins,  Sii 
urea  should  be  directed  to  the  accomplis 
Various  procedures  which  not  infreqi 
ployed  by  nature  may,  however,  be  ut 

To  combat  the  animate  agent  whici 
practise  etiological  medication.  To  d 
which  the  morbific  germ  acts  is  to  pi 
logical  therapeutics,  as  the  case  may  l 

Etiological  mechcation  is  the  applical 
causa  effectus  loUitur.  It  finds  its  form 
The  itleal  would  be  the  possession  of  sul 
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jrms  and  be  inoffensive  for  the  patient.  Unfortunately,  here 
stumbling-block.  Nevertheless,  it  is  possible,  with  certain 
itions,  to  realize  antisepsis  in  surface  wounds  and  at  times  in 
)U8  tracts.  Even  in  woimds,  certain  antiseptics  exert  an  irritant 
I.  They  diminish  the  resistance  of  the  cells,  and,  in  spite  of 
incontestable  action  upon  the  microbe,  they  favor  rather  than 
r  infection.  At  present,  therefore,  the  tendency  is  to  substitute 
is  for  antisepsis,  and,  when  antiseptic  substances  are  employed, 
is  taken  to  use  weak  solutions.  With  these  precautions  the 
ts  are  often  satisfactory,  provided,  however,  the  antiseptics  are 
ently  changed.  When  any  one  of  them  is  used  for  a  long  period 
ne,  the  action  is  weakened  through  habit, 
e  abortive  method,  which  is  calculated  to  arrest  an  infection  at 
^ginning,  belongs  to  the  antiseptic  method,  and  it  is  probable 
specific  medication  should  also  be  included  in  the  same  group. 
i  are  acquainted  with  certain  substances  which  arrest  the  course 
rtain  infections.  It  is  hardly  necessary  to  mention  the  action 
linine  in  malaria,  of  mercury  and  the  iodides  in  syphilis,  and  of 
ilicylates  in  rheumatism.  The  germicidal  serums  also  belong  to 
5roup.  They  represent  the  specific  antiseptics  par  excellence, 
ssing  a  selective  action  in  destroying  certain  microbes  and  being 
riess  against  allied  germs. 

B  microbe,  as  we  have  repeatedly  stated,  is  not  the  sole  cause 
infectious  disease.  Auxiliary  and  predisposing  causes  often 
to  its  assistance.  The  therapeutist  must  take  them  into  con- 
ition.  His  method  is  equally  etiological  when  he  struggles 
st  the  various  conditions  which  favor,  maintain,  or  aggravate 
ion.  He  can  fulfil  therapeutic  indications  by  means  of  diet, 
ne,  and  at  times  through  special  medication  or  surgical  inter- 
m,  Furunculosis  may  be  cured  by  combating  the  digestive 
'bances  which  produce  or  sustain  it;  suppuration  may  be 
ed  by  extirpating  the  foreign  body  which  is  found  in  the  mor- 
Kjus.  While  in  these  cases  medication  is  not  directed  against 
rimary  cause,  it  nqne  the  le^s  deserves  to  be  considered  as 
^cal  medication. 

hogenic  medication  is  that  which  combats  the  harmful  action 
!  pathogenic  agent  upon  the  organism.  Bacteria  act  mainly  by 
toxins.  Therefore,  all  treatment  directed  against  bacterial 
18  we  consider  as  pathogenic.  In  many  cases,  however,  patho- 
treatment  is  confounded  with  physiological  or  naturalistic 


germicidal  setums  wtticb  aeatroy  microDes,  or  at  it 
them  a  liarmful  action,  represent  an  etiological  methr 
The  serums  which  neutrahze  the  effect  of  toxins  are  r 
When  we  employ  them  against  an  infection,  when,  I 
inject  antidiphtheritic  serum  into  a  patient,  we  pra< 
as  well  as  naturalistic  therapeutics — pathogenic,  bee 
the  mode  of  action  of  the  cause;  naturalistic,  becaus 
by  the  reactionary  mode  of  the  diseased  organism.  I 
that,  in  order  to  combat  the  microbic  poison,  the  or 
an  antitoxin.  Through  the  agency  of  therapeutics  w 
orgamsm,  from  the  very  start  of  the  disease,  the  protf 
which  it  needs.  We  realize  sooner  what  the  organisi 
later.  Thus  we  save  time  by  arresting  bacterial  in 
moment  when  its  eiTects  are  still  reparable. 

It  is  not  the  bacterial  poisons  alone,  however, 
reckoned  with  in  infections.  The  synergy  which  uni 
of  the  organism  spreads  the  disturbances  througl 
economy.  Hence  the  secondary  autointoxications 
never  be  lost  sight  of.  In  many  cases  procedures  t 
these  poisons  are  nearly  the  same  as  those  employed 
In  fact ,  an  attempt  may  be  maf ie  to  neutralize  the  no j 
formed  by  the  organism  or  to  stimulate  the  organs  cl 
function  of  destroying  them,  or  an  effort  may  be  mat 
elimination. 

In  order  to  neutralize  the  autogenic  poisons  the  os 

ajhip^  !«w>mB  tn  fir>t,  iinnn  the.  minmllir  bs  ivpII   n»  ii 
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em.  Thus  the  many  indications  to  which  this  therapeutic  method 
esponds  ore  evident. 

Tie  same  complexity  in  effects  appears  witli  regard  to  ehmination. 
Ihe  simplest  procedure  seems  to  be  represented  by  blood-letting, 
Die  flow  of  the  blood  carries  away  a  certain  amount  of  toxins.  In 
reality, however,  the  action  of  blood-letting  is  very  complex,  because, 
It  the  same  time  that  the  constitution  of  the  blood  is  modified,  the 
exdianges  are  stimulated  and  the  work  of  the  heart  is  diminished. 
Slood-letting  does  not,  therefore,  represent  a  simple  antitoxic 
nethod. 

The  elimination  of  toxins  and,  coincidently,  microbes  may  likewise 
be  favored  by  stimulating  the  emunctories,  the  digestive  tract,  the 
Man,  and,  particularly,  the  kidneys.  Lavage  of  the  stomach  and 
intestine,  the  administration  of  emetics  and  purgatives  serve  to  carry 
ITCy  the  noxious  elements  wliich  originate  in  the  alimentary  canal 
er  sre  thrown  into  it.  Certain  drugs  may  increase  the  activity  of  the 
Bnunctories.  Sudorifics,  diuretics,  and  tepid  beverages  are  often 
n^iloyed.  In  the  treatment  of  acute  infections,  however,  physical 
V'x^dures  are  generally  preferred.  Heat  or  cold  are  called  into  play, 
« the  case  may  be.  Dry  heat  favors  sweating.  Moist  heat  stimu- 
liteg  or  quiets  the  nerves.  Lastly,  a  cold  bath  acts  not  so  much  by 
.(liBipaling  the  lieat  of  the  body  as  by  modifying  the  dynamic  state 
of  the  organism  by  means  of  the  nervous  reactions  to  whicii  it  gives 
JKe.  It  acta  upon  the  general  nutrition,  upon  tlie  activity  of  the 
fiver,  and  especially  upon  the  urinary  secretion,  which  it  increases 
'leoBsitierably. 

It  was  hoped  for  a  time  that  it  would  be  possible  to  effect  rapid 
jdepuration  of  the  organism  by  intravenous  or  subcutaneous  injee- 
&D8  of  artificial  serum.  While  more  profound  study  has  demon- 
Wrated  the  excellent  effects  of  this  form  of  medication  in  the  treat- 
■lent  of  acute  infections,  it  has  likewise  established  that  its  action 
p  very  complex  and  that  it  affects  the  nervous  sj-stem  and  general 
Nlilion  rather  than  the  eraimctories. 

:  It  is  thus  seen  that  most  of  the  procedtu-es  above  indicated  are  far 
Iew  simple  than  would  at  first  appear.  They  act  mostly  upon  the 
•"rganism  and  stimulate  the  general  reactions.  The  injections  of 
•ntitoxic  serum  or  salt-water  give  rise  to  cellular  proliferations  which 
"Ust  favor  the  defense  of  tlie  organism.  Therefore,  not  only  humoral 
Modifications  are  produced,  but  the  figiu-ate  elements  are  likewise 
fited  upon.    Besides  the  general  reactions  of  the  organism,  the  local 
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reactions  which  appear  at  the  point  invaded  by  pathogenic  agents 
must  be  considered. 

According  to  circumstances,  local  inflammation  must  be  stimu- 
lated, checked,  or  diverted.  Even  acute  manifestations  may  be  stim- 
ulated. Thus,  one  of  the  best  treatments  of  erysipelas  or  phlegmoDS 
consists  in  very  hot  appUcations.  The  reaction  of  the  organism  is 
thus  increased  and,  consequently,  rendered  more  rapidly  efficacious. 
The  phlogistic  method  is  far  oftener  resorted  to  in  the  case  of  torpid 
lesions.  Certain  suppurating  foci,  certain  tubercular  lesions,  or 
ulcerations  of  any  description,  are  treated  by  hot  appUcations,  scari- 
fications, and  cauterizations.  These  procedures  bring  about  recovery 
by  awakening  an  inflammation  which  had  prematurely  ended.  In 
other  instances  this  effect  is  secured  by  means  of  toxic  substances. 
Potassium  cantharidate  and  tuberculin  stimulate  atonic  tubercular 
lesions.  Or  we  may  act  by  producing  a  microbic  inflammation.  We 
have  sufficiently  studied  this  question  in  connection  with  microbic 
associations  and  shown  notably  the  curative  r61e  of  erysipelas. 

In  cases  in  which  local  reaction  is  too  intense,  it  is  evidently 
necessary  to  moderate  inflammation.  This  is  particularly  indicated 
when  the  lesion  occupies  an  important  organ  and  threatens  life  by 
disturbing  its  function.  It  is  usual  to  apply  refrigerants  and  espe- 
cially ice  continuously  over  the  cardiac  region,  the  abdomen,  and 
the  head  in  cases  of  pericarditis,  peritonitis,  or  meningitis,  respec- 
tively. Peri-infiammatory  or  pre-inflanmiatory  congestion  is  also 
j  combated   by  blood-letting,  antiphlogistics,  and   vasomotor  ruedi- 

?  cines.     Wliile  nitrites  are  utilized  to  stimulate  reactions,  va^^ocon- 

strictors,  such  as  ergotin,  are  employed  to  restrain  them.    FinaOy, 

a  derivation  may  also  be  brought  about.    When  an  inflainmation  is 

^  too  intense,  a  re\aiLsion  at  a  more  or  less  distant  point  can  be  induced. 

Tliis  may  sometimes  be  in  the  area  of  the  skin  corresponding  to  the 
diseased  region,  where  thermocauterization  or  mustard  plaster  is  to 
be  applied.  On  other  occasions  the  digestive  canal  may  be  acted 
upon,  for  example,  by  means  of  purgatives.  Thus  a  sort  of  metas- 
tasis is  artificially  produced. 

We  cannot,  therefore,  in  an  exclusive  manner  assert  that  reactions 
must  be  combated  or  stimulated.  It  is  only  necessary  to  remember 
that  inflammatory  actions  are  always  useful.  They  represent  a 
means  of  defense.  It  is  to  be  noted,  however,  that  their  intensity 
may  exceed  the  object.  We  may  then  conclude  that  reaction  must 
sometimes  be  combated,  often  stimulated,  and  always  directed. 
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jgh  the  medications,  the  general  laws  of  which  we  have  just 
1,  are  the  most  rational,  symptomatic  therapeutics  must  not 
sed.  The  latter  consists  simply  in  remedying  immediate 
8,  in  combating  certain  disturbances  without  reascending  to 
jse  or  point  of  departure.  Although  it  must  frequently  be 
ed  as  an  acknowledgment  of  our  ignorance,  this  method  is 
the  only  possible  and  even  the  only  admissible  one.  When 
onfronted  by  accidents  which  threaten  life  we  must  resort  to 
nedication  directed  against  the  disorder  observed  without 
for  its  origin.  When  the  physician  is  called  to  the  bedside 
ient  who  is  suffocating,  and  he  has  recognized  by  the  char- 
f  respiratory  embarrassment  that  it  is  dependent  upon  laryn- 
losis,  his  first  thought  should  be  to  re-establish  the  course  of 
and  inmiediately  perform  tracheotomy.  He  may  subse- 
investigate  the  cause  of  the  stenosis, 
tomatic  therapeutics  may  serve  as  an  auxiUary,  and  is  then 
f  justifiable.  A  patient  suffering  from  syphilitic  cephalalgia 
ceive  specific  treatment.  As,  however,  the  latter  requires 
days  to  produce  its  effects,  symptomatic  medication  is  at  the 
ne  to  be  resorted  to  in  order  to  reUeve  the  nocturnal  exacer- 
of  pain  and  procure  rest  to  the  sufferer.  To  this  end,  along 
to  90  grains  (1  to  6  grams)  of  potassium  iodide  directed  to 
lilitic  element,  some  hypnotic  should  be  prescribed  to  relieve 
iache. 

perfectly  rational  symptomatic  medication  to  prescribe  opium 
^,  atropine  for  sweating,  enemas  or  purgatives  for  constipa- 
d  analgesics  for  pain.  In  all  these  cases  symptomatic  medi- 
ssists  therapeutics.  It  is,  therefore,  perfectly  justifiable.  On 
5r  hand,  however,  it  is  an  avowal  of  our  impotence  if  we  are 
ed  with  treating  a  symptom  because  we  are  unable  to  recog- 
mechanism  or  trace  it  to  its  cause. 

ig  the  symptoms  which  most  frequently  call  for  treatment, 
jserves  special  mention.  The  rise  of  temperature  is  painful 
»atient,  it  causes  anxiety  to  the  family,  and  preoccupies  the 
the  physician.  Apprehension  is  felt  that  hyperthermia  will 
5  to  serious  accidents  if  too  intense  and  allowed  to  persist. 
3r,  since  the  use  of  the  thermometer  has  become  a  daily 
,  it  is  one  of  the  disturbances  which  is  most  readily  detected. 
I,  therefore,  an  inclination  to  direct  all  efforts  against  it.  This 
ion  is  expressed  by  the  introduction  into  therapeutics  of  a 


dumnish  oxidations,  and  consequently  exert  an 
fluence.  Exception  is  to  be  made  only  of  cold  bathi 
ia  rational,  since  it  lowers  the  temperature  by  abstr 
connection  with  pathological  phj-siology,  we  have 
fever,  the  dissipation  of  heat  is  increased.  Cold 
increases  and  thereby  completes  the  worlt  of  defens» 
the  organism;  it  thus  enters  into  the  domain  of  nafr 

General  Rules  of  Therapentics  in  Infections.  1 
of  infectious  diseases  is  based  upon  clinical  observa' 
mental  research.  Formerly  attempts  were  first  mad 
men.  The  old  physicians,  led  by  theoretical  ideas  v 
erroneous,  or  assisted  by  some  happy  coincidence,  tri 
ber  of  medicinal  substances.  Some  of  these,  haviii 
efficacious,  are  still  employed.  At  times  we  utiliz< 
knowing  exactly  by  what  mechanism  they  act.  I 
established  their  r61e,  we  cannot  blame  empiricisi 
course  of  action.  Sometimes  experimentation  immi 
Btrated  the  mode  of  action  of  the  medicine  or  explaii 
its  employment.  Formerly  experimentation  upon  G 
the  application  to  man.  At  the  present  day  therapei 
a  reverse  course  and  always  begin  with  experimen 
latter  informs  us  as  to  the  toxic  and  pharmacodynar 
medicine.    It  therefore  has  a  double  object. 

In  order  to  determine  the  toxic  equivalent  of  a 
necessary  to  experiment  upon  animals  of  different  s] 
not  hfl  iftn  ciuitmxni  wlmn  atitinp  iinnn  man.    The  fai 
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symptoms  disappear  and  the  animal  recovers.  However,  such  is  not 
always  the  case.  There  is  often  a  period  of  latency  during  which 
ihe  animal  appears  to  be  in  good  health.  After  a  variable  length 
of  dme  disorders  are  produced  and  terminate  in  death.  The  poison 
did  not  act  immediately,  and  perhaps  it  underwent  previous  trans- 
formation within  the  organism.  Be  that  as  it  may,  the  dose  which 
is  tardily  fatal  is  often  considerably  smaller  than  the  one  immediately 
tauj,  and,  for  the  physician,  this  is  a  point  of  great  consequence. 

As  intravenous  injection  of  medicines  is  seldom  employed,  it  is 
bdispensable,  after  studying  the  toxicity  of  the  substances  injected 
info  the  blood,  to  investigate  their  action  when  they  are  introduced 
by  other  channels,  notably  beneath  the  skin  or  into  the  alimentary 
canal.  The  r6Ie  of  absorption,  the  influence  of  transformations  which 
may  occur  nithin  the  gastrointestinal  cavity,  in  contact  with  ali- 
ment*, secretions,  and  microbes  which  multiplj'  there,  may  modify 
flie  composition  and  consequently  the  action  of  medicines.  When 
absorption  has  taken  place,  the  substance,  before  reaching  the  points 
npon  which  it  acts,  passes  through  certain  glands  which  may  further 
modify  its  composition  or  its  action.  Among  the  latter  are  the  liver 
ud  lungs. 

These  are  sufHcient  reasons  for  multiplying  the  experiments  and 
injecting  the  poison  by  the  most  varied  channels.  It  does  not  suffice, 
however,  simply  to  notice  the  effects  of  a  single  dose.  In  general, 
the  physician  prescribes  a  medicine  for  several  days  in  succession, 
W  experimenter  must,  therefore,  administer  the  substance  for  a 
tWlain  length  of  time,  and,  if  no  disturbance  results,  he  must  not  yet 
declare  the  substance  to  be  harmless.  He  must  observe  the  animals 
sod  kill  some  of  them  in  order  to  learn  whether  there  are  pro- 
duced in  their  organs  lesions  unexpressed  by  any  symptom  and 
"^ch  can  be  determined  only  by  histological  examination. 

Tbise  preparatory  studies  are  very  tedious  and  delicate.  It  seems 
*o  Us,  however,  that  they  are  indispensable  when  it  is  desired  to 
"^ke  therapeutic  application  to  human  beings.  It  is  to  be  noted, 
however,  that  these  first  investigations  teach  us  only  the  dangerous 
*od  harmless  doses.  After  determining  these  first  points,  namely, 
^ter  solving  the  toxicological  problem,  the  pharmacodynamic  study 
J*  to  be  undertaken.  Assisted  by  all  the  modern  scientific  data,  an 
JDquiry  into  the  modifications  of  the  medicine  within  the  organism, 
'te  channels  of  elimination,  its  action  upon  the  fluids,  tissues,  and 
"'SWis  may  be  made.    In  this  connection,  chemical  analysis  on  the 
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one  hand,  and  on  the  other  physiological  analysis  and,  notably,  the 
graphic  method,  must  intervene. 

The  rules  just  referred  to  are  general  rules  applicable  to  all  thera- 
peutic studies.  When  the  treatment  of  infections  is  reached  these 
rules  require  to  be  completed  with  some  particular  data. 

Since  we  can  produce  in  animals  a  great  number  of  infectious  dis- 
eases we  must  no  longer  pursue  our  studies  by  operating  upon 
healthy  but  upon  infected  animals. 

The  necessity  of  investigations  of  this  sort  appears  when  it  is 
believed  that  a  medicine  capable  of  curing  a  disease  has  been  found. 
It  is  then  necessary  to  inoculate  a  certain  number  of  animals,  some  of 
which  are  to  be  kept  as  controls  and  others  to'receive  the  medicinal 
substances.  The  results  thus  obtained  are  of  great  value,  since 
experimental  infection  is  always  simpler  than  a  spontaneous  in^e^ 
tion.  It  is  monomicrobic,  while  in  man  the  disease  often  results  from 
an  association  of  microbes.  The  treatment  may  be  begun  as  soon 
as  is  desired,  while  in  spontaneous  infection  the  first  symptoms  art 
often  belated  and  appear  a  long  time  after  contamination.  Lastly, 
the  use  of  control  animals  gives  undeniable  value  to  experimental 
results,  while  in  clinical  experience  we  may  clearly  see  what  is  pro- 
duced as  a  result  of  the  treatment,  but  we  do  not  know  what  would 
happen  in  case  of  abstention. 
K !  Nevertheless,  we  must  not  conclude  that  the  successes  are  the 

1  ^  same  in  both  cases,  for  the  reason  that  clinical  cases  are  complex,  and 

j  treatment  is  often  commenced  too  late,  or  the  organism  is  aflfected 

5  by  taints  or  previous  lesions.     Clinical  observation  must  pronounce 

?  final  judgment,  and,  too  often,  it  establishes  an  apparent  antagonkm 

i  between  practical  application  and  experimental  results. 


II 


AVhon  it  is  desired  to  determine  the  action  of  antimicrobic  or  anti- 
I  toxic  substances  the  pharmacodynamic  action  is  often   discarded 

and  an  attempt  is  made  to  solve  the  following  three  problems:  ^Tiat 
is  the  action  of  the  substance  upon  the  microbe  or  the  toxin  outside 
the  organism?  A\liat  is  its  toxic  action  upon  the  healthy  animal? 
What  is  its  curative  action  upon  the  diseased  animal — i,  e.,  upon  the 
infected  or  intoxicated  animal  ? 

The  rules  which  govern  the  solution  of  the  last  two  questions  are 
the  general  rules  which  we  have  already  exposed.  As  to  the  fir^t 
problem,  if  the  question  concerns  an  antiseptic  substance,  it  is  cus- 
tomary to  investigate  the  effect  of  artificial  media  upon  the  vegeta- 
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re  property  of  the  microbe.  Inoculations  into  animals  should  be 
art  undertaken,  for  microbes  which  are  so  altered  as  to  no  longer 
5velop  in  a  culture  bouillon  may  sometimes  be  still  sufficiently 
stive  to  v^etate  within  the  organism.  On  the  other  hand,  microbes 
hich  are  incapable  of  overcoming  the  resistance  of  the  economy  may 
iU  be  able  to  live  in  inert  media.  The  great  principle  of  atten- 
ation  of  viruses  is  based  upon  this  fact. 

When  antitoxic  substances  are  under  study,  experimentation  is 
18  only  method  which  reveals  the  modifications  produced.  The 
)xin  and  the  antitoxin  are  injected  into  the  animals  simultaneously 
ad  successively.  These  principles  are  daily  utilized  in  the  study  of 
impeutic  senuns. 

It  is  certain  that  the  method  furnishes  excellent  indications. 
Ithough,  in  this  case,  experimentation  approaches  clinical  obser- 
ition  as  nearly  as  possible,  the  facts  do  not  and  cannot  altogether 
(Trespond.  The  experimental  results  obtained  with  serums  are 
«wiys  more  brilliant  than  those  observed  clinically.  The  reason  is 
at  clinical  facts  are  always  complex.  Hence,  even  when  a  great 
imber  of  specific  seriuns  have  been  prepared,  it  will  still  be  neces- 
py  to  resort  to  medicines  intended  to  palliate  certain  disturbances 
d  to  combat  certain  accidents. 

Unfortunately,  the  substances  which  are  used  in  this  case  have 
5n  studied  only  upon  healthy  animals.  It  would,  therefore,  be 
westing  to  repeat  their  study  upon  infected  animals  from  the 
ible  standpoint  of  toxicology  and  pharmacodynamics.  It  is  neces- 
y,  in  fact,  to  determine  whether  the  medicine  has  the  same 
ic  property  in  the  diseased  and  the  healthy  animal,  and  whether 
3  toxicity  is  modified  by  the  different  periods  of  the  diseovse.  It  is 
3  necessary  to  inquire  whether  the  medicine  always  acts  in  the 
le  manner,  whether  infection  does  not  modify  its  mode  of  action. 
re,  we  believe,  is  a  large  field  open  to  experimenters.  As  few 
sarches  have  been  made  upon  this  point,  we  have  believed  it 
old  be  of  interest  to  study  what  becomes  of  the  resistance  of 
mals  through  strychnine  in  the  course  of  anthrax  infection,  and 
5n  to  undertake  analogous  researches  with  strychnine  and  chloral 
animals  suflFering  from  tetanus.  From  our  experiments  we  may 
iw  the  conclusion  that  chloral  may  be  employed  to  palliate  the 
iirful  phenomena  produced  by  tetanus,  but  it  is  not  a  truly  cura- 
e  medicine. 
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Antiseptic  Method. 

The  object  of  the  antiseptic  method  is  to  destroy  the  pathogeny 
agents  by  acting  directly  upon  them  and  indirectly  by  modifyinf 
the  organism.    When  it  is  incapable  of  destroying  these  agent^  H 
opposes  their  multiplication  or  hinders  their  harmful  action.  We 
know  at  present  that  microbes  act  only  by  their  soluble  products. 
The  history  of  antitoxic  substances  which   neutralize  or  diminish 
the  action  of  toxins  may,  therefore,  be  considered  as  supplementary 
to  the  study  of  antiseptics. 

Antisepsis  by  Physical  Agents.  The  indications  of  antisepsis  may 
be  realized  by  procedures  of  a  physical  order.  As  is  known,  heat  is 
the  surest  agent  for  destroying  microbes.  Unfortunately,  although 
it  is  daily  employed  for  sterilizing  inert  substances,  it  is  too  difficult 
to  manage  when  applied  to  the  living  organism.  While  very  hot 
local  applications  hinder  infections;  they  accomplish  this  simply  by 
modifying  circulation.  They  act  upon  the  microbes  in  an  indirect  , 
manner.  When,  however,  the  lesion  is  well  circiunscribed,  it  is  pos- 
sible to  destroy  it  by  thermocauterization.  Folliculites  are  thus 
cured.  If  the  lesion  is  extensive,  a  red-hot  iron  can  be  used,  as  is 
done  for  certain  phlegmons  and  gangrene.  It  is,  perhaps,  possible 
to  combat  infections  of  serous  membranes  by  very  hot-water  irriga- 
tions. It  is  possible  to  inject  into  the  peritoneum  or  the  veiDSof 
animals  salt  water  at  a  temperature  of  122°  F.  (50°  C.)  or  131°  F. 
(55°  C.)  without  any  inconvenience.  We  should  not,  however,  rely 
too  much  upon  these  different  methods,  since  heat  coagulates  albu- 
mins,  and  the  minute  particles  thus  formed  protect  the  pathogenic 
agents.  Moreover,  when  it  is  intense,  heat  cannot  be  applied,  except 
to  circumscribed  points,  and,  consequently,  it  acts  upon  a  very 
restricted  area  of  the  diseased  tissue. 

There  are  certain  viruses  which  are  much  more  sensitive  to  heat 
than  the  neighboring  tissues.  Thus  the  investigations  of  Dr.  Aubert 
show  that  100.4°  F.  (38°  C.)  is  sufficient  to  check  the  multiplication 
of  the  bacillus  of  soft  chancre.  At  a  temperature  of  104°  F.  (40°  0 
the  microbe  is  killed.  Hence,  by  employing  this  temperature,  which 
is  not  harmful  for  the  tissues,  we  may  rapidly  cure  a  soft  chancre. 
A  variant  of  this  method  consists  in  treating  the  lesion  by  means 
of  overheated  air. 

Microbes  withstand  cold  far  better  than  heat.    Hence,  cold  apph- 
cations,  although  they  sometimes  modify  the  Adtality  and  theinflam- 
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■  reactions  of  the  tissues,  exert  no  influence  whatever  upon 
^hogenic  elements.  When  the  germicidal  action  of  the  sun's 
ire  revealed,  the  influence  of  light  upon  the  course  of  infections 
vestigated.  The  problem  is  complex,  however,  since  the 
exerted  upon  the  organism  and  upon  the  microbes  is  to  be 
iuto  account.  Interesting  attempts  have  nevertheless  been 
with  the  object  of  utilizing  certain  properties  of  sunlight. 

has  become  the  champion  of  the  phototherapic  method.  An 
it  has  also  been  made  to  cause  patients  suffering  from  variola 
um  in  wards  provided  with  red  glass  windows.  The  results 
ot  been  very  encouraging.  On  the  other  hand,  quite  remark- 
suits  have  been  obtained  by  treating  lupus  patients  with  col- 
in-rays. 

lepaia  by  Chemical  Agents.  Cliemical  antiseptics  are  ex- 
rnumerous.and  certain  aninngthem  were  known  and  employed 
■n  times.'  Li  the  days  of  Hippocrates  wine  and  aromatic 
(i  certain  caustic  iron  and  copper  salts  were  employed  for 
g  wounds.  The  same  substances  were  much  used  in  the  middle 
Ijater,  cinchona  powtler,  mercurial,  arsenical,  and  astringent 
itions,  as  well  as  balsams  and  resins,  came  into  use. 
must  come  to  the  time  of  Lister  to  find  a  true  doctrine  of 
isis,  at  least  of  surgical  antisepsis.  Lister,  taking  as  a  basis 
rks  of  Pasteur  on  fermentations,  assumed  that  the  air  exer- 

noxioUB  influence  upon  wounds  by  virtue  of  the  germs  which 
mned  and  deposited  in  the  wounds.  Tlierefore,  making  use 
ohc  acid,  which  was  already  employed  by  Lemaire,  he  washed 
ids  with  a  2^  per  cent,  solution,  immersed  his  instruments  in 
iger  solution  (5  per  cent.),  washed  the  field  of  operation  with 
ig  solution,  and  during  the  ojieration  directed  upon  the  field 
'  of  carbolic  acid.  He  then  introduced  drainage  tubes  sterilized 
Euis  of  carbolic  acid.  I-aatly,  after  covering  the  wound  with 
sctive  bandage,  he  applied  carbolized  gauze  and  impermeable 
itosh  tissue. 

resent  the  principles  laid  down  by  Lister  are  modified  and  his 
urea  are  abandoned.  The  germs  of  the  air  are  not  feared  as 
•ere  formerly.  The  pathogenic  agents  present  upon  the  skin 
patient  are  more  to  be  feared,  and  especially  those  found  upon 
nds  of  the  surgeon  and  his  assistants.    Therefore,  the  spray 
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was  first  done  away^ith ;  next,  the  instruments  and  the  dressings  lere 
successfully  sterilized  by  heat;  then  the  use  of  antiseptics  was  grad- 
ually abandoned,  and  in  a  word,  asepsis  was  substituted  for  anti- 
sepsis. This  is  at  least  what  is  done  in  siLrgical  operations  ^en 
diseased  but  not  infected  parts  are  operated  upon.  WTien,  on  the 
contrary,  parts  invaded  by  pathogenic  germs  are  dealt  with,  anti- 
sepsis is  still  utilized.  It  has  been  recognized,  however,  that  strong 
antiseptics  are  to  be  avoided,  because  of  their  caustic  action,  which 
is  more  harmful  to  the  tissues  than  to  the  microbes.  In  most  cases 
it  is  sufficient  to  resort  to  profuse  lavage  with  boiled  water,  vhich 
acts  mechanically  by  carrying  away  the  germs  and  their  toxins  as 
well  as  the  degenerated  cells  contained  in  the  morbid  focus. 

^\^lile  antisepsis  has  lost  its  first  importance  in  surgery,  it  is  still 
held  in  great  esteem  in  medicine.  Attempts  have  been  made  to  kill, 
at  least  partially,  the  germs  swarming  in  the  digestive  canal  and 
those  which  may  invade  the  respiratory  or  urinary  apparatus.  Even 
general  antisepsis  of  the  organism  has  been  aimed  at  by  some  ipt- 
titioners.  It  is,  therefore,  important  to  have  at  one  s  disposal  a 
certain  number  of  antiseptic  substances. 

An  antiseptic  must  fulfil  certain  general  conditions  and,  according 
to  the  use  for  which  it  is  destined,  possess  particular  properties.  Tie 
general  j)roi3erties  of  all  antiseptics  are  the  following:  to  be  harmful 
for  the  morbid  germs;  to  be  harmless  for  the  animal  cells  with  which 
it  comes  in  contact;  not  to  form  with  the  organic  elements  combina- 
tions which  render  them  inoffensive  for  microbes;  not  to  coagulate 
albumins  the  particles  of  which  protect  the  bacteria. 

The  particular  j:)roperties  may  be  diametrically  opposed  according 
to  the  case.  According  as  we  have  to  sterilize  a  closed  canty  or  a 
surface,  to  act  upon  a  limited  area,  or,  on  the  contrary,  to  extend 
the  germicidal  action  to  distant  parts,  to  treat  the  aUmentary  canal, 
the  urinary  or  respiratory  apparatus,  we  must  employ  soluble  or 
insoluble,  diffusible  or  non-diffusible,  liquid  or  solid,  pulverulent  or 
volatile  substances. 

The  j)robleni  which  might  at  first  view  appear  quite  simple  i5, 
therefore,  very  complex.  AVe  must  study  antisepsis  itself—/.  <'- ^ 
must  (letormine  the  action  of  each  substance  upon  microbes;  then 
establisli  its  toxic  e(|uivalents  and  investigate  the  therapeuticimhcfl- 
ti(^ns  to  which  it  may  respond. 

The  (loterinination  of  the  antiseptic  power  of  a  substance  i^^  ^'^^ 
as  easy  as  may  be  believed.     Tlie  results  vary  according  to  tn^ 
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vhich  is  operated  upon  and  the  conditions  under  which  we 
1.  It  is  evident  that  the  same  amount  of  an  antiseptic  will 
jrent  effects  according  as  it  acts  upon  more  or  less  sensitive 

ui>on  cultures  provided  with  or  deprived  of  spores.  Finally, 
ame  culture,  we  must  take  into  account  the  number  of 

ui>on  which  the  effects  of  the  antiseptic  substance  are 

ir  to  study  the  action  of  an  antiseptic,  many  experimenters 
•tain  quantity  of  it  to  a  culture  medium,  and  then  cultivate 
iter  a  particular  bacterium.  It  is  too  often  forgotten,  how- 
t,  under  these  conditions,  the  soUd  or  liquid  medium  em- 
as  not  a  fixed  constitution,  and  that  the  results  may  vary 
)  day  to  another.  It  is,  therefore,  better  to  make  use  of 
of  constant  composition,  for  instance,  a  mineral  solution  to 
pure  peptone  is  added.  The  medium  being  definite,  the 
of  the  antiseptic  substance  may  produce  a  precipitate  which 
es  the  action  of  the  germicidal  substance,  or  the  latter  may 
o  a  more  or  less  stable  combination  calculated  to  diminish 
r  or  to  reduce  the  nutritive  property  of  the  medium.  It  is 
e  remembered  that  the  surroimding  temperature  exerts  an 
it  influence  upon  the  development  of  the  microbe.  At  a 
iegree  it  favors  its  vegetation;  as  it  advances,  however,  it 
the  germicidal  action  of  the  antiseptic.  Tlius,  to  cite  only 
aple,  Chauveau  and  Arloing  have  shown  that  a  3  per  cent, 
of  carbolic  acid  exerts  no  action  upon  the  bacillus  of  gaseous 
J  when  its  action  lasts  for  twenty-four  hours  at  a  temperature 
(15°  C.) .  At  96.8°  F.  (36°  C.)  it  steriUzes  the  medium  within 
ght  hours. 

esults  also  vary  acording  as  the  germs  operated  upon  are 
loist.  In  the  former  case  resistance  is  much  greater.  Dr. 
rland  thinks  that  the  difference  of  action  is  due  to  the  time 
y  to  moisten  the  dried  microbes.  In  order  to  avoid  these 
causes  of  error  another  method  is  frequently  resorted  to. 
a  threads,  silk  threads,  pieces  of  glass,  paper,  or  linen  are 
nto  the  culture  to  be  studied.  These  are  then  exposed  to 
ic  vapors  or  inmiersed  in  the  antiseptic  fluid.  After  a  vari- 
le  the  objects  thus  impregnated  with  cultures  are  washed 
rilized  water  and  placed  in  a  nutrient  medium, 
method,  which  at  first  appears  as  simple  as  it  is  exact,  in 
3  exposed  to  grave  errors.    In  the  first  place,  when  a  culture 
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is  spread  upon  any  object  whatsoever,  the  distribution  is  not  unifoni 
There  are  thicker  parts  which  do  not  undergo  the  action  of  tb 
antiseptic,  except  in  their  superficial  zone.  Moreover,  in  spite  ( 
prolonged  washing,  we  can  never  be  sure  of  having  removed  aD  tl 
antiseptic.  A  quantity  sufficient  to  prevent  multipUcation  m 
remain.  Finally,  Drs.  Chamberland  and  Fernbach  have  shown  thi 
the  results  vary  according  to  the  objects  used  in  the  experiment 
Germs  spread  upon  paper  die  more  quickly  than  those  distribute 
upon  glass,  while  those  that  are  found  upon  linen  resist  for  a  sti 
longer  period  of  time.  E.  Weiss  advises  addition  of  the  antisept 
to  a  bouillon  culture,  then  to  take  from  the  latter  a  small  drop  an 
put  it  in  a  large  amount  of  fresh  bouillon.  The  trace  of  antisept 
thus  introduced  is  insignificant.  This  method  is  in  fact  suflScientl 
exact  and  has  the  advantage  of  great  simplicity. 

When  the  substance  to  be  studied  is  insoluble  in  culture  medi 
we  are  obliged  to  dissolve  it  previously  in  some  liquid  like  alcohc 
or  ether.  The  results  then  will  vary  according  to  the  nature  of  th 
solvent.  Finally,  when  it  is  volatile,  we  must  take  a  series  of  pre 
cautions  in  order  to  prevent  evaporation  during  the  experiment. 

These  few  considerations  show  how  complicated  the  problei 
which  is  apparently  so  simple  becomes  when  we  desire  to  study  i 
with  some  accuracy.  We  must  also  remember  that  microbes  becom 
habituated  to  the  substances  that  are  harmful  to  them,  so  thatl> 
making  cultures  in  series  in  media  charged  with  antiseptics  th 
multiplication  of  the  germs  becomes  progressively  easier. 

An  antiseptic  substance  produces  quite  dififerent  effects  accordin 
to  the  amounts  employed.  These  effects  may  be  classified  in  tl 
following  order:  In  large  doses,  sterilization,  \dz.,  death  of  them 
crobes,  occurs.  Next,  when  the  doses  gradually  diminish,  infertilit 
of  tlie  medium  occurs — i.  e.,  the  microbe  remains  living,  but  it  cami( 
multiply;  when,  however,  it  is  transferred  to  another  medium, 
again  multiplies.  In  another  class  of  cases  the  microbe  develops,  bi 
the  colonies  appear  tardily  and  are  small  in  number.  At  the  san 
time  tlie  functions  are  disturbed.  Tlie  pathogenic  agents  becon 
attenuated,  and  we  have  already  shown  that  the  addition  of  aut 
septics  re})resents  a  method  for  the  transformation  of  viruses  int 
vaccines.  At  all  events,  it  is  very  easy  to  appreciate  the  function^ 
modifications  produced  by  antiseptics  in  studying  the  chroniopeiu( 
bacteria.  Amounts  which  permit  multiplication  prevent  the  appear- 
ance of  pigment. 
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Finally,  there  is  a  result  analogous  to  facts  observed  when  studying 
le  action  of  poisons  upon  animals.  Antiseptics  in  very  minute 
mounts,  far  from  hindering  the  function  of  microbes,  stimulate  it 
)  a  notable  degree.  We  have  shown,  for  example,  that  a  trace  of 
MTOsive  sublimate  favors  the  production  of  red  pigment  by  the 
(.  prodigiosus. 

Tie  experiments  performed  with  a  view  to  determine  the  value  of 
ntiseptics  are  innimierable.  In  order  to  fix  the  ideas,  it  will  suflRce 
0  borrow  some  figures  from  Mequel's  scale  of  antiseptic  power.  This 
uthor  has  investigated  the  amount  of  antiseptic  capable  of  opposing 
he  putrefaction  of  one  quart  (litre)  of  bouillon.  We  shall  mention 
»nly  the  substances  most  frequently  used  in  medicine : 


Sninently  antiseptic  substances   . 


■«y  highly  antiseptic  substances  . 


^^y  antbeptic  substances    . 


Moderately  antiseptic  substances 


antiseptic  substances  . 


Mercurv  biniodide 0.025 

Silver  iodide 0.03 

Peroxide  of  hydrogen 0.05 

Bichloride  of  mercury 0.07 

.Silver  nitrate 0.08 

Osmic  and  chromic  acids 0.15 

Chlorine,  iodine,  cyanhydric  acid  .  0.25 

Bromine,  iodoform 0.60 

Bromoform 0.7 

C'hloroform 0.8 

Copper  sulphate 0.9 

Salicylic  and  benzoic  acids 1.0 

Picric  acid 1.3 

Zinc  chloride 1.9 

Thymic  acid 2.0 

Sulphuric,  nitric,  and  hvdrochloric  acids  .  2  to  3 

Carbolic  acid       .      .     ' 3.2 

Potassium  permanganate 3.5 

Alum 4.5 

Tannin 4.8 

Arsenious  acid 6.0 

Boric  acid 7.5 

Chloral  hydrate, 9.3 

Sodium  salicylate 10.0 

Sulphuric  ether 22.0 

Ethylic  alcohol 95.0 

Potassium  iodide 140.0 

Glycerin  225.0 

Sodium  chlorate 400.0 


It  is  well  to  add  to  this  list  oils  the  properties  of  vvhicli  were 
t^y  known  to  the  ancient  world,  and  were  employed  especially 
>f  purposes  of  embalming.  We  are  indebted  to  Dr.  Chaniberland 
^i*  very  mteresting  researches  on  their  antiseptic  action.  According 
>  this  scientist,  six  of  them  are  the  leading  oils,  viz.,  the  essence 

origanum,  China  cinnamon,  Ceylon  cinnamon,  Angelica,  vespetro, 
^d  geranium. 

Behring  has  studied  the  relationship  between  the  toxic  and  anti- 
ptic  power  of  bacillus  anthracis,and  has  concluded  that  the  relative 
xicity  hardly  varies.    It  oscillates  around  the  figure  6.    That  is  to 

42 
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say,  in  order  to  kill  one  kilogram  of  animal  the  substance  required 
is  six  times  smaller  than  is  required  for  sterilizing  one  quart  (lOOD 
cubic  centigrams)  of  tiquid.  Here  are  a  few  figures  given  by  him 
and  which  may  present  a  certain  interest  from  a  practical  stanc^xnnt: 

AntiMptic  Power,     Toxic  Power,    Biiative  TctkHf. 

Gbolxdio  wad 1.7      gr.  0.27    gr.  M 

OoRoaive  sublimate        ....  0.1      gr.  0.017  gr.  bA 

Chlorohydrate  of  quinine  .  0.8      gr.  0.17    gr.  4.7 

lierourocymnide  of  potassium  .     .  0.017  gr.  0.003  gr.  M 

Aigentoc3ranide  of  potassium    .     .  0.02    gr.  0.003  gr.  M 

Aurocyanide  of  potassium  .  .  0.04    gr.  0.006  gr.  M 

In  determining  the  toxic  properties  possessed  by  antiseptics  ve 
must  not  be  contented  with  the  results  obtained  in  animals.  Itii 
likewise  necessary  to  remember  that  man  presents  a  peculiar  seni' 
tiveness  which  varies  from  one  subject  to  another.  All  antiseptia 
may  produce  erythemata,  a  few  may  cause  urinary  disorders,  ui 
the  case  with  carbolic  acid,  and  lesions  in  the  mucous  membraneBol 
the  mouth  and  large  intestine,  such  as  is  the  case  with  conwt 
sublimate.  T^thout  dwelling  upon  all  these  accidents,  wfaidi  an 
well  known  and  have  often  been  described/  we  shall  cite  an  ofaflo 
vation  ¥7hich  shows  the  susceptibility  of  certain  subjects  to  antisep 
tics.  In  consequence  of  a  sli^t  traumatism  a  young  man  was  tieata 
with  applications  of  a  mild  solution  of  corrosive  sublimate.  At  tb 
end  of  forty-eight  hours  the  arm  was  so  red  and  swollen  tliat  it  wa 
thought  to  be  a  case  of  erysipelas,  and  the  sufferer  was  therefore  sen 
to  our  wards.  We  there  corrected  the  diagnosis,  and,  rememberin 
that  the  skin  ah-ead)'^  irritated  by  the  application  of  some  antisepti 
cannot  well  tolerate  the  use  of  other  substances,  we  prescribe 
simply  application  of  boiled  water.  The  symptoms  improved  quii 
rapidly.  We  then  vaccinated  the  patient,  and  before  the  inoculatioi 
we  washed  the  arm  with  Van  Swieten's  solution.  On  the  follo^ 
day  we  found  the  part  of  the  skin  which  had  come  in  contact  wit 
the  mercurial  solution  red  and  swollen,  and,  what  was  altogeth^ 
characteristic,  the  drops  of  the  solution  had  flowed  along  the  an 
and  had  marked  their  passage  in  the  form  of  lines  of  small  pyrifori 
plates  of  an  intense  red  color.  Thus,  when  an  antiseptic  is  to  h 
employed  the  choice  must  be  governed  in  view  of  the  repon  t( 
which  it  is  to  be  applied  and  according  to  the  effect  which  is  aJrd 
at,  the  microbe  which  is  to  be  acted  upon,  and  the  special  seusi- 

»  To  aee  notably  the  "Tlifee  d 'aggregation"  of  F.  Brun.    Des  accidents  imputaW^' 
k  Tcmploi  cliinirgical  dos  antiaeptiques.    Paris,  1886. 


^THERAPEUTICS  OF  INFECTIOUS  DISEASES. 


659 


8s  of  the  mdi\iduat,  if  tliis  is  known  by  his  previous  experi- 
It  is  also  to  be  remembered  that  it  is  oft^n  advantageoua 
ibine  several  antiseptics  in  one  solution,  for  their  power  against 
icrobes  increases  more  rajjidly  than  is  indicated  by  the  sum 
of  the  components,  while  just  the  contrary  is  true  as  regards 
xicity.  It  is  well  to  recall  that  hot  solutions  are  more  effective 
tat  it  is  often  advantageous  to  add  to  the  liquid  substances 

prevent  coagulation  of  the  albumins.    Lastly,  at  the  end  of 
uu  period  of  time,  the  antiseptic  action  seems  to  be  exhausted, 
>me  other  substance  must  then  be  employed. 
se  general  rules  will  find  their  application  in  the  rapid  review 

we  shall  give  of  the  antisepsis  of  various  parts  of  the  body. 
is  exiwsition  we  borrow  a  great  number  of  documents  from 
Bouchard's  lectures.' 

Sepsis  of  the  Skin.  Antisepsis  of  the  skin  has  long  been 
ciafed,  and  the  ancient  lawgivers  laid  stress  upon  the  usefulness 
utions.    At  the  present  time  the  practitioner  often  utihzes  anti- 

batbing.    He  sometimes  employs  naphthol  water  in  the  dose 

drams  for  a  bath  of  200  quarts  (40  grams  in  200  htres)  or  a 
with  corrosive  sublimate  water.  Tlie  use  of  this  last  sub- 
!  has  the  inconvenience  of  requiring  sjjecial  bath-tubs.  The 
rliofl  is  2.50  to  5  drams  (10  to  20  grams)  of  corrosive 
lale  mixed  with  the  same  amount  of  chlorhydrate  of  ammonia, 

makes  a  proportion  of  0.05  to  0.1  per  thousand.  Baths 
corrosive  subhmate  are  daily  employed  in  our  hospitals 
sinfecting  the  skin  of  convalescents.     Tliey  may  also  be  used 

course  of  certain  infections  characterized  by  cutaneous  niani- 
ions.  They  are  most  frequently  used  in  the  treatment  of 
a.  In  this  infection,  however,  we  give  preference  to  naphthol 
Naphthnl  dissolverl  in  alcohol  should  be  poured  into  the  bath- 
A  bath  lasting  a  quarter  of  an  hour  is  given  at  the  beginning 
I  disease.  Secondary  infections  are  prevented  in  this  way. 
iptic  batliing  is  at  present  recognized  to  be  the  best  treatment 
tuiar  variola. 

ihthol  baths  also  render  important  service  in  cases  of  extensive 
icial  lesions.  The  author  employs  them  against  the  wandering 
if  erysipelas  an  well  as  in  furunculosis,  which  is  so  frequent  in 
luence  of  certain  infections,  such  as  variola  and  varicella. 
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It  is  hardly  necessary  to  state  that  local  baths  may  be  prescribed 
in  cutaneous  lesions  upon  the  extremities.  This  manner  of  baJOoBi 
gives  gratifying  results  in  the  treatment  of  panaris,  lymphaDpta 
erysipelas,  and  phlegmons  on  the  limbs.  According  to  requiiemeni 
the  baths  are  given  with  corrosive  sublimate,  carbolic  add,  or  poti 
slum  permanganate.  In  the  intervals  of  the  baths  compresses  % 
in  a  sli^tly  antiseptic  liquid  are  applied  to  the  affected  parts, 
lesions  with  gangrenous  or  putrid  tendency  the  author  uses  i 
advantage  compresses  moistened  with  peroxide  of  hydrogen.  Eqi 
parts  of  commercial  peroxide  of  hydrogen  and  four  per  thoun 
sodium  bicarbonate  solution  are  mixed;  thus  the  fluid  is  neutralii 
and  is  then  brought  to  six  volumes  by  addition  of  four  parts  of  nA 

It  should  be  remembered  that  antiseptics  are  not  alwa]ns  i 
borne  by  the  skin,  that  they  often  give  rise  to  intense  and  rdbelfif 
dermatites,  and  that  the  local  medicinal  lesion  is  often  the  starti 
point  of  an  extensive  and  generalised  erythema.  In  such  cases 
application  of  another  antiseptic  only  intensifies  the  inflammaft 
and,  by  diminishing  the  resistance  of  the  skin,  favors  the  devek 
ment  of  secondary  infections.  Under  such  conditions  use  lAould 
made  simply  of  sterilised  compresses  dipped  in  boiling  water,  po 
tices,  and  in  certain  cases,  salves  prepared  with  perfectly  neat 
vaseline. 

Antiseptics  applied  to  the  skin  act  only  upon  the  surface, 
certain  cases  they  arrest  infection  of  cutaneous  glands.  Thus,  1 
instance,  applications  of  tincture  of  iodine  often  abort  the  devek 
pient  of  furuncles.  Do  they,  however,  act  as  antiseptics  or  as  stin 
lants?  Better  results  are  obtained  simply  with  alcohol.  In  pew 
who  are  subject  to  fin-uncles  or  acneic  pustules  in  the  neck,  energc 
friction  with  some  alcoholic  tinctin-e  every  morning  is  prescrih 
The  results  are  generally  very  good.  Alcohol  renders  valuable  sen' 
in  the  treatment  of  all  small  lesions  of  this  kind.  Thus  absoh 
alcohol  saturated  with  boric  acid  is  successfully  employed  agau 
folliculites,  sycosis,  furuncles  of  the  auditory  canal,  etc. 

In  order  to  act  upon  the  deeper  parts  of  the  epidermis,  mechanic 
procedures,  such  as  friction  and  brushing,  may  also  be  resorted  t 
This  is  currently  practised  in  surgery  for  disinfecting  the  field  * 
operation.  When  infection  occurs  this  procedure  is  no  longer  of  «d 
use.  It  has,  therefore,  been  thought  that  the  antiseptic  would  betic 
penetrate  if  thrown  in  the  form  of  jets.  Thus  carboliaed  spray  * 
employed  in  anthrax,  and  corrosive  subUmate  spray  in  erysip^l^- 
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Antisepsis  of  the  Genital  and  Urinary  Organs.  Antisepsis  of  the 
nital  organs  occupied  tlic  attention  of  ancient  lawgivers  as  much 
that  of  the  skin.  In  the  law  of  Moses,  purification  after  each 
)BioIogical  or  pathological  flow  or  discharge  was  prescribed.  Con- 
emeat,  menstruation,  and  nocturnal  pollutions  rendered  the  indi- 
hials  impure.  The  law  prescribed  for  the  priest  bathing  after 
ual  intercourse.  It  is  evidently  as  an  antiseptic  measure  that 
tun  religions  have  ordered  circumcision. 

it  the  present  day  it  is  customary  to  wash  the  external  genital 
»na  and  to  irrigate  the  vagina  for  puriK)ses  of  cleanliness.  The 
E8  which  must  govern  the  disinfection  of  the  genital  organs  are 
lost  the  same  as  for  the  skin.  For  the  treatment  of  balanitis  in 
n,  injections  are  made  between  the  foreskin  and  the  glans  penis, 
;  fluids  containing  alcohol  should  be  avoided,  since  their  contact 
b  the  genital  mucoiLs  membrane  is  very  painful.  Weak  solutions 
Mtassium  permanganate,  corrosive  sublimate,  silver  nitrate,  pro- 
p)l,  or  a  20  per  1000  solution  of  liquid  subacetate  of  lead  are  used 
nost  cases.  In  women,  under  pathological  conditions,  the  vagina 
liainfected  by  injection  of  the  same  substances  or  by  application 
the  raucous  membrane  of  gauze  or  cotton  tampons.  If  the  infec- 
a  involves  the  uterus,  antiseptics  are  more  frequently  emjiloyed. 
wrding  to  the  requirements  of  the  case,  the  cervix  of  the  uterus 
y  previously  be  dilated  by  means  of  a  canula,  and  lavage  given 
h  weak  antLseptic  solutions.  In  certain  instances  continuous  irri- 
ion  is  resorted  to  according  to  the  method  of  Drs,  Pinard  and 
rnier.  The  substances  most  frequently  em]jloyed  are  the  bichloride 
biniodide  of  mercury,  carbolic  acid,  and  permanganate  of  potassium 
fte  proportion  of  1  :  10,000.  Mercurial  salts  often  produce  dis- 
fcuices  which  are  easily  overlooked  because  they  are  ^vrongly 
ributed  to  the  infection  which  is  being  combated.  Thus,  dysen- 
ifonn  symptoms  have  sometimes  been  induced  by  mercurial 
eration  of  the  large  intestine. 

^tisepsis  of  the  uterus  and  bladder  may  be  practised  according 
two  different  procedures ;  Medicinal  substances  may  be  injected 
ingested;  in  the  latter  case  the  medicine  reaches  the  bladder  when 
ninated  through  the  urine.  Antisepsis  of  the  urethra  is  hardly 
T  practised  except  in  cases  of  gonorrhea.  At  the  beginning  of  the 
fction,  the  abortive  method  may  be  resorted  to.  This  generally 
laiats  in  injecting  a  1  or  2  per  cent,  solution  of  nitrate  of  silver.  In 
i-third  of  the  cases  this  method  proves  successful.    At  a  later  stage 
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injections  are  used,  the  formulie  of  which  are  innumerable.  Recently, 
however,  they  have  been  replaced  by  profuse  irrigations  with  1  Ml 
solution  of  potassium  permanganat«.  These  irrigations  may  'x 
prescribed  from  the  very  t)eginning  of  the  disease,  except  when  the 
infection  is  particularly  acute.  In  this  instance  the  lips  of  the  meatus 
are  swollen  and  the  canal  is  hard.  Then  the  first  treatment  must  be 
emollient.  Later  on,  when  the  acut*  phenomena  liave  subsided, the 
chronic  lesions  quite  often  persist.  Gonococci  then  multiply  in  the 
prostate  gland.  Under  such  circumstances  massage  of  the  orpuii) 
practised :  fifteen  to  twenty  drops  of  a  2  per  cent,  solution  of  alvw 
nitrate  or  forty  to  sixty  drops  of  a  protargol  solution  of  the  same 
strength  are  introduced.  Finally,  antisepsis  of  the  urethra  M 
likewi.se  be  effected  by  medicated  bouses. 

Irrigations  analogous  to  those  employed  for  the  urethra  find  appli- 
cation in  the  treatment  of  vesical  affections.  Permanganate,  pm- 
targol,  or  simply  boric  acid  are  mostly  used.  These  irrigatioiB 
act  mechanically  rather  than  chemically,  A  healthy  bladder  is  only 
exceptionally  infected.  In  the  great  majority  of  cases  CMtits 
results  from  unclean  catheterization  in  individuals  in  whom  the 
bladder  empties  itself  poorly — i.e.,  in  those  who  suffer  from  stricture 
of  the  urethra  and  particularly  from  prostatic  hypertrophy.  Slag- 
nation  of  the  urine  favors  multiplication  of  the  germs.  IrrigatioiiB. 
therefore,  no  matter  what  kind,  have  the  great  advantage  of  sup- 
pressing the  principal  cause  which  induced  and  sustflineil  the  in^e^ 
tion. 

Antisepsis  of  the  urinary  passages,  ureter,  bladder,  and  urethi* 
may  be  effected  by  the  administration  of  substances  which  may  1* 
eliminaterl  by  the  kidneys.  Balsams,  such  as  copaiba,  cubebs,  sanialr 
and  turpentine,  are  daily  employed  for  this  purpose.  Lastly,  salolp 
which  is  broken  up  in  the  intestine  into  carboUc  and  salicylic  addi.U 
also  used.  Elimination  of  the  substances  tlirough  tlie  mine  rcaliK* 
a  slight  antisepsis  and  renders  valuable  service  in  the  treatment  i>f 
cystites. 

Antisepsis  of  the  Mouth.  Antiseptic  Treatment  of  Stonutittf 
and  Anginas.  Thf  organs  and  cavities  of  the  fat-e  are  easily  invaii™ 
by  pathogenic  germs.  Hence  the  usefulness,  even  under  noroisl 
conditions,  of  practising  ant isej>sis  of  these  parts  in  a  certain  messu"' 
Greater  care  is  natm'ally  given  to  the  buccal  cavity. 

Even  in  health  it  is  indispensable  to  cleanse  the  mouth  flJid  '^ 
teeth  frequently.    It  is  well,  for  instance,  to  clean.se  the  teeth  a  ^' 
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rnjng,  in  the  evening,  and  after  each  meal.  Brushes  are  generally 
ployed  for  this  purpose,  which  have  the  great  inconvenience  of 
ainii^  organic  particles  liable  to  a  rapid  putrefaction.  This  is 
nedied  by  waahing  the  bruah  with  some  antiseptic  solution.  A 
xl  one  is  thymic  acid  in  the  strength  of  1 :  3000.  In  the  course 
infectious  (Useases  the  care  of  the  mouth  requirea  special  attention, 
ic  dryness  of  the  mucous  membrane  diminishes  its  means  of  pro- 
;tion  and  favors  the  multipUcation  of  germs  whicii  tend  to  invade 
e  deeper  parts  and  penetrate  through  the  excretory  ducts,  notably 
e  parotid  gland.  IC  will,  therefore,  be  well  to  prescribe  frequent 
^age  with  an  alkaline  water,  viz.,  with  bicarbonate  or  borate  solu- 
ins.  Antisepsis  is  not  realized  thereby,  but  the  mucous  membrane 
thuH  indirectly  placed  under  better  conditions  of  resistance.  Fer- 
sntation  of  carbohydrates  found  in  the  mouth  produce  acids  which 
im  the  epithelium.  By  neutralizing  these  acids  the  alkalies  act 
aphtha.  While  it  is  true  that  the  fungus  producing  this  stomatitis 
■es  preferably  in  alkaline  media,  the  observation  by  Gubler  that  it 
ivelops  in  the  month  when  the  medium  becomes  acid  and  ceases 
multiply  when  the  latter  is  rendered  alkaline,  is  simply  due  to  the 
Et  that  acids  diminish  the  vitahty  of  the  mucous  membrane,  and 
it,  as  has  long  been  asserted,  because  they  favor  the  vegetation  of 
e  fungus. 

When  infection  is  more  prufountl,  profuse  lavage  of  the  mouth  is 
i»ally  practised.  The  patient  sits  up,  inclines  the  head  forward 
lile  the  antiseptic  fluid  is  thrown  into  the  mouth.  A  good  many 
Mures  have  been  proposed.  In  oiu'  wards  we  employ  in  stomatites 
i  anginas  a  solution  containing  10  per  1000  of  carbolic  acid  and 
)er  1000  of  thymol.  Solutions  of  chloral  hydrate,  1 ;  100,  are  also 
7  good.  When  microbic  lesions  are  already  devclofjed  applica- 
tB  of  antiseptic  or  caustic  substances  should  be  made.  In  stoma- 
ee,  whatever  their  nature  may  be,  cauterizations  by  alum,  nitrate 
silver,  and  especially  salicylic  acid,  are  practised,  the  latter  being 
!d  in  the  proportion  of  1: 10  dissolved  in  a  mixtiu-e  of  equal  parts 
ilcohol  and  glycerin.  Phenol,  or  sulphoricinated'  salol,  or  tincture 
odine  are  also  useful.  We  have  often  obtained  satisfactory  results 
m  the  employment  of  tincture  of  cochlearia. 
Oicre  is  a  special  form  of  gingivitis^-expulsive  gingivitis — which 

Iltere  is  a  French  preparalioD,  "acidc  Niiirorieinique,"  composed  o!  oleum  ricini  end 
ihuiic  ftcid.  Antiseptic  BUbatanws,  such  as  salol  aiid  phcDol,  may  be  combined 
1  UuB  Mid  to  lotm  siilphoricinaleil  salol,  or  phenol,  etc. — TraoBlalor. 
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IS  very  grave  because  it  causes  shedding  of  the  healthy  teetli.  1 
should  be  treated  by  strong  antiseptics,  such  as  carbolic,  salkyfi 
or  chromic  add.  Finally,  such  antisq>tic8  as  creosote,  methyl  si 
cylate,  and  arsenious  add  are  employed  for  the  treatment  of  dent 
caries. 

In  most  cases  of  anginas  antiseptic  lavage  is  suffident.  In  p 
sistent  ledons,  however,  painting  with  more  energetic  antisepticB 
indicated.  Tincture  of  iodine,  salol,  hydroglycerinated  solution 
corrodve  sublimate,  and  camphorated  naphtiiol  are  the  subetao 
most  frequentiy  employed.  It  is  well,  howe\%r,  not  to  prolong  tb 
use,  since  they  produce  irritation  and  maintain  the  lesion  agai 
¥7hich  they  are  directed.  The  therapeutic  indications  are  the  sa 
in  suppurating  tonsillites.  Gargles  or,  still  better,  sli^tly  antisq 
lavage,  is  also  prescribed.  In  some  cases  pimcture  of  the  abecea 
at  a  certain  moment  to  be  practised.  An  emetic  is  sometimes  adm 
istered  for  this  purpose,  but  this  medication  acts  only  ^en  thelesi 
is  at  the  point  of  opening  spontaneously.  It  is  then  useless  and,  wl 
constitutes  a  graver  objection,  it  has  the  inconvenience  of  depraa 
the  patient. 

Unlike  the  buccal  cavity,  the  nasal  cavity  does  not  need  antisqi 
lavage  in  health.  In  the  course  of  infectious  diseases  it  is  well 
introduce  a  slightly  volatile  antiseptic  substance.  Mentholated  ol 
oil  in  the  proportion  of  1 :  40  fulfils  this  indication ;  every  mora 
five  or  six  drops  of  it  are  introduced  into  the  nostrils.  A  salve  c< 
taining  twenty  grams  of  vaseline,  one  gi'ani  of  resorcin,  and  hal 
gram  of  menthol  is  also  employed.  A\Tien  the  nasal  fossa  are  m 
particularly  affected,  whether  the  lesion  be  primary  or  seconds 
antisepsis  is  likewise  indicated. 

Simple  coryza  is  often  cured  when  slightly  antiseptic  powders 
employed  from  the  beginning.  Many  formulas  have  been  given. ' 
author  generally  employs  a  mixture  made  with  equal  parts  of  ] 
verized  boric  acid,  benzoin  powder,  and  salicylate  of  bismuth, 
grams  of  each  of  these  substances  are  prescribed,  and  a  half  gi 
of  hvdrochlorate  of  cocaine  is  added. 

Serious  rhinites  are  sometimes  observed  in  the  course  of  cerl 
infections.  The  purulent  rhinitis  of  scarlatina  represents  a  v 
important  cause  of  death.  Its  treatment  must  be  energetic, 
have  recourse  to  lavage  with  peroxide  of  hydrogen.  In  order,  h( 
ever,  to  insure  cleansing  of  the  nasal  f ossse,  flow  of  the  discharge  fr 
within  outward  must  be  secured.    Inflanmiation  of  the  nasal  fos 
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may  spread  it  to  the  sinuses  of  the  face.  This  complication  may 
readily  be  recognized  by  the  following  two  symptoms;  a  purulent 
discharge  from  one  nostril  and  a  facial  neuralgia.  The  treatment 
consists  in  causii^  the  patient  to  inhale  through  the  diseased  nostril 
by  means  of  a  funnel  tiuTied  upside  down  upon  a  bowl  of  hot  water 
iQto  which  has  been  poured  a  teaspoonful  of  a  4  per  cent,  alcoholic 
Bolution  of  menthol.  The  inhalations  are  repeated  hourly;  each 
'Kiting  should  last  five  minutes.  If  the  inflammation  involves  the 
Eustacluau  tube  and  the  middle  ear  this  new  complication  should  be 
icombated  by  paracentesis  of  the  tympammi  and  irrigation.  In  our 
'wards  we  employ  lavage  with  borated  wat«r,  which  is  followed  by 
the  introduction  of  a  few  drops  of  carbolized  glycerin.  We  have 
Kfently  obtained  highly  satisfactory  results  from  lavage  with  a 
1:500  solution  of  methylene  blue. 

Finally,  in  order  to  conclude  what  we  have  to  aay  about  autisep- 
fflsof  the  face,  we  shall  recall  what  care  is  to  be  given  to  the  ocular 
:>)^atuB.  Conjunctivites  are  frequent  in  infections;  they  are, 
iowever,  generally  benign.  They  heal  under  use  of  simple  washings 
ifith  hot  borated  water,  followed  by  an  occlusive  dressing.  In  case 
of  severe  pain,  a  drop  of  a  coUyrium  made  with  neutral  sulphate 
-of  atropine  is  instilled  into  the  eye. 

TTiree  infections  frequently  give  rise  to  grave  lesions  of  the  eyes. 
'^leseare  zona,  variola,  and  gonorrhea.  In  the  case  of  zona,  atropine 
w^d  absolute  occlusion  of  the  eye  are  prescribed,  ^'ariola  often  pro- 
duces purulent  conjunctivites,  the  principal  danger  of  which  is  con- 
*cutive  keratitis.  For  conjunctivitis  we  employ  lavage  with  1 :  8000 
wlution  of  potassium  permanganate,  5:1000  solution  of  protargol, 
'"'  1:500  solution  of  methylene  blue.  Should  keratitis  supervene, 
'Methylene  blue  alone  is  applicable.  At  the  same  time  atropine  is 
Milized  to  some  extent. 

The  treatment  of  purulent  gonorrheal  conjunctivitis  consists  in 
^plications  of  silver  nitrate  or  protargol. 

AntisepsiB  of  the  Respiratory  Passages.  Antisepsis  of  the  re- 
piratory  passages  may  be  realized:  (1)  by  inhalations  of  volatile 
ibstances;  (2)  by  directly  introducing  liquids  or  powders  into  the 
pper  parts  or,  in  the  case  of  the  lungs,  by  injecting  them  directly 
ito  their  parenchyma;  (3)  by  turning  to  profit  elimination  through 
le  alveoli  of  certain  volatile  principles  which  may  be  introduced 
ito  the  organism  by  any  channel. 
Inhalations  of  volatile  substances  are  daily  employed  in  the  treat- 


HQQ  ISFECTIOUS  DISEASES. 

ment  of  laryngeal,  trachea!,  or  bronchial  infections.  Menthol  is 
commonly  used.  A  4  per  cent,  alcoholic  solution  is  made  use  ui.  A 
dessertspoonful  of  this  Is  put  in  a  bowl  of  hot  water  and  the  lattet 
covered  with  an  inverted  funnel,  and  inspiration  made  through  lis 
tubal  part  of  the  funnel.  Another  method  con^sts  in  causing  tts 
patient  to  breathe  an  atmosphere  charged  with  medicated  vapors, 
Tar  is  often  employed  for  this  purpose.  Dr.  Tapret  has  proposed  W 
have  patients,  particularly  tubercular  subjects,  sojourn  in  rooms  in 
which  a  10  per  1000  creosote  solution  is  sprayed.  We  may  alsorotn- 
tion  sulphurous  waters,  which  are  employed  in  chronic  infections. 
In  other  instances  water  charged  with  antiseptic  substances  il 
sprayed  in  front  of  the  mouth  of  the  sufferer.  Naphtholated  water 
(naphthol  0.25,  alcohol  25  grams,  water  75  grams),  Van  Swieten's 
solution,  1 :  1000  solution  of  biniodide  of  mercury,  carbolized  water, 
and  water  charged  with  oil  of  turpentine  or  creosote  have  also  bwn 
utilized. 

The  respiratory  tract  being  largely  open  to  the  exterior,  medidnes 
may  easily  be  introduced  therein.  This  is  currently  done  as  reganis 
the  larynx.  Antisepsis  is  thus  realized  just  as  in  the  case  of  asurfic 
exposed  to  the  air.  As  regards  the  more  deeply  seated  parts,  w 
have  to  be  contented  with  injecting  a  few  drops  through  the  larjni 
or,  in  the  case  of  tracheotomy,  through  the  tracheal  wound.  Men- 
tholated oil  in  the  proportion  of  1  :  40  is  generally  employed. 
Should  it  be  thought  advantageous,  injections  by  means  of  a  neeJlf 
introduced  through  the  skin  into  the  trachea  may  readily  be  pwf- 
tised. 

In  the  presence  of  a  well-circumscribed  pulmonary  focus  one  is 
always  tempted  to  inject  some  antiseptic  directly  into  it.  NumerouJ 
experiments  have  been  made  in  this  direction,  notably  by  Dr.  U'pin^ 
and  Dr.  True.  It  is  necessary  not  to  exceed  1  c.cm.  or  2  c.cm,  beycfliu 
the  surface  of  the  lung,  in  order  to  avoid  entering  an  imporlint 
vessel.  By  injecting  the  fluid  slowly  it  is  possible  to  introduce » 
considerable  amount  of  it.  Li?pine  injected  as  much  as  100  ccdj- 
through  five  different  punctures.  Benzoatc  of  soda  and  potsssuio 
iodide  have  been  introduced  in  this  manner.  Lupine  utilized  bin- 
iodide  of  mercury  in  a  dose  of  1 :  40,000.  These  attempts  ha^  btf" 
made  particularly  in  pneumonia.  It  would  be  interesting,  however,  I" 
renew  these  attempts  in  cases  of  circumscribed  pulmonary  gaugrM^ 

The  majority  of  volatile  substances  that  are  eliminated  ihrou^ 
the  respiratory  apparatus  may  exercise  a  medicinal  action  while 
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ig  eliminated,  no  matter  through  which  channel  they  are  intro- 
3d.  According  to  this  principle,  it  is  rational  to  cause  patients 
igest  preparations  of  turpentine  or  eucalyptus,  potions  containing 
Q  four  to  six  granis  of  hyposulphite  of  soda,  or  to  administer  for 
same  purpose  sulphurous  waters.  According  to  the  same  idea, 
use  of  gaseous  enemata,  of  carbonic  acid,  and  sulphuretted  hydro- 
has  been  advised.  Too  much  reliance,  however,  should  not  be 
ad  upon  this  methoil,  since  we  have  recognized,  with  Dr.  Garnier, 
t  sulphuretted  hydrogen,  even  when  introduced  in  large  amounts, 
lOt  foimd  in  the  exhaled  air.  At  least  it  is  impossible  to  detect 
slightest  trace  of  it  by  placing  before  the  mouth  of  the  patient 
aper  preparation  of  acetate  of  lead. 

''or  the  treatment  of  respiratory  affections  the  subcutaneous 
Ihod  may  likewse  be  utilized.  Eucalyptol  is  often  injected  in 
i  manner.  Creosote  is  also  administered  either  per  os,  or  by  sub- 
aneous  injections,  or  through  enemata.  In  the  first  case,  pills  of 
centigrams  are  generally  employed,  of  which  three  to  five  are 
ea  with  the  two  principal  meals.  In  the  second  case,  oily  solu- 
18  in  the  proportion  of  1  ;  15  are  used.  Burlm-eaux  advises  to 
St  them  slowly  at  the  rate  of  forty  drops  per  minute,  which  means 
grams  in  an  hour.  As  much  as  100  grams  and  even  150 
ms  of  the  fluid  have  been  introduced  in  this  manner.  In  general 
s  convenient  to  prescribe  an  enema  containing  from  ^  gram  to 
ram  of  creosote  incorporated  in  an  oily  emulsion.  The  skin  may 
m  be  painted  with  creosote  or  guaiacol.  Such  applications  are 
1  borne  when  they  are  not  too  strong.  They  have  the  strange 
perty  of  lowering  the  temperature  and  producing  alarming  mani- 
ations  if  the  dose  of  creosote  is  too  large.  The  author  prescribes 
lion  with  a  10  per  cent,  guaiacolated  salve  the  size  of  a  hazel- 
.  In  fact,  the  recent  tendency  is  to  substitute  Cor  creosote  some 
-defined  chemical  product,  such  as  guaiacol,  or  less  irritating 
itances,  such  as  carbonate  of  creosote  or  of  guaiacol.  Creosote  and 
lerivatives  render  service  in  the  treatment  of  all  torpid  infections 
he  respiratorj-  passages,  particularly  in  cases  of  tuberculosis, 
yare  not  without  some  disadvantages.  Creosote  sometimes  pro- 
s  digestive  disturbances  which  are  avoided  by  administering  it 
he  form  of  enemas.  Some  authorities  believe  that  it  produces 
^stion  and  hemoptysis.  Therefore,  its  administration  is  to  be 
ded  in  those  cases  of  tuberculosis  in  which  there  is  tendency  to 
nonary  hemorrhages.    Contrary  to  what  has  been  stated  by  some. 
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creosote  is  often  iiseful  in  acute  forms,  and  it  is  still  the  best  mediott 
for  the  treatment  of  chronic  pulmonary  tuberculosis. 

Antisepsis  of  the  Alimentary  OanaL  The  intensity  of  putlefa^ 
tions  that  occur  even  normally  in  the  digestive  canal,  the  frequeoef 
and  gravity  of  disturbances  resulting  therefrom,  the  rdle  of  gastro- 
intestinal putrefactions  in  the  development  of  infectious  or  noD- 
inf ectious  secondary  lesions,  having,  apparently,  nothing  to  do  with 
digestive  disorders,  explain  why  therapeutists  have  multiplied  their 
efforts  to  combat  the  microbes  which  swarm  in  this  part  of  tk 
organism.  Three  principal  methods  are  now  at  our  disposal.  We 
may  restrain  fermentations  by  suppressing  fermentable  aliinento. 
We  may  expel  the  infected  remains  of  digestion  and  at  the  same 
time  sweep  off  microbes  and  their  tonus.  Finally,  we  may  prescribe 
antiseptic  substances. 

The  digestive  canal  may  be  rendered  antiseptic  by  means  of  diet. 
For  the  adult,  milk  diet  is  generally  prescribed,  the  influeoee  of 
which  in  this  regard  was  clearly  demonstrated  by  the  investigatuos 
of  Gilbert.  In  mild  cases  it  suffices  to  modify  the  diet  and  restrict 
readily  putrescible  foods  like  meat.  On  the  other  hand,  rice,  vege- 
tables, and  cooked  foods  are  prescribed.  In  a  grave  case,  ev^  mift 
is  too  fermentable.  All  alimentation  is  to  be  suppressed  and  the 
patient  placed  on  water  diet.  This  is  particularly  indicated  in  the 
case  of  the  newborn  suflfering  from  gastrointestinal  disturbances 
which  at  times  rapidly  prove  fatal.  Boiled  water  to  which  is  added 
a  small  amount  of  sugar  and  10 :  1000  of  lactic  acid  is  given.  A3 
ill-digested  aliments  are  easily  attacked  by  microbes,  gastrointestinal 
antisepsis  can  likewise  be  effected,  although  in  an  indirect  manner, 
by  modifications  of  alimentary  hygiene.  It  is  probable  that  the 
ingestion  of  hydrochloric  acid  acts  in  this  manner.  This  acid  was 
considered  as  an  antiseptic  secreted  by  the  mucous  membrane  of  the 
stomach.  The  intense  fermentations  of  hyperchlorhydria  are  due  to 
the  fact  that  the  food  is  not  well  digested.  Alkalies  will  then  diminish 
putrefactions  and,  reciprocally,  hydrochloric  acid  will  play  the  same 
role  in  cases  of  hypochlorhydria. 

Microbes  may  be  mechanically  thrown  out.  Profuse  lavage  of  the 
stomach  or  intestine  possesses  the  treble  advantage  of  freeing  the 
digestive  canal  of  fermentable  substances,  microbes,  and  toxic  prod- 

■ 

ucts  resulting  from  their  multiplication.  The  same  indication  is 
fulfilled  by  the  use  of  emetics  and  purgatives.  The  secretions  and 
fluxes  provoked  by  them  bring  about  a  similar  cleansing.    Among 
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rgatives  calomel  seems  to  be,  in  this  respect,  the  most  efficient, 
•  it  exerts  at  the  same  time  an  antiseptic  action. 
Gastrointestinal  antiseptics,  properly  so  called,  may  be  divided 
jm  a  practical  standpoint  into  two  groups:  soluble  and  insoluble 
itiseptics.  The  soluble  ones  most  frequently  employed  are  sulpho- 
irbonaled  water,  chloroform  water,  and  solutions  of  lactic  and  car- 
olic  acid.  It  has  treen  noted,  however,  that  these  substances  as 
tie>'  advance  in  the  alimentary  canal  are  absorbed  and  soon  disap- 
ear.  Therefore,  their  germicidal  influence  is  exerted  upon  a  very 
united  extent  of  the  digestive  tract.  Hence,  it  has  been  recom- 
nended  to  prescribe  insoluble  antiseptics,  part  of  which  may  be 
aodified  antl  ])enetrate  the  organism,  while  another  part  passes 
hrough  the  whole  length  of  the  canal  without  any  alteration. 

Naphtholin  was  first  praised.  It  has,  however,  been  abandoned, 
or  it  often  produces  dysuria  and  pruritus,  and  may  be  dangerous  to 
1*  sight,  judging  from  the  cataract  which  is  caused  by  its  ingestion 
11  rabbits.  In  consequence  of  Prof.  Bouchard's  experiments,  ;9- 
laphthol  was  utilized,  instead  of  which,  according  to  Dr.  Maximowich, 
^naphthol  may  be  used,  which  has  the  double  advantage  of  being 
Dore  antiseptic  and  less  toxic.  The  burning  taste  of  naphthol  makes 
t  necessary  to  administer  it  in  wafers.  It  may  be  given  aloTie  or 
fflociated  with  laxative  or  antidiarrheal  substances.  The  dose  is 
rom  one  to  three  grams  in  twenty-four  hours.  It  is  well,  however, 
0  administer  it  in  fractional  doses,  since  the  successive  use  of  small 
loses  produces  a  more  marked  antiseptic  action  than  the  same 
ifflount  ingested  at  once,  and  is  less  irritating  for  the  stomach.  In 
'der  to  avoid  the  inconveniences  due  to  the  caustic  pro|}erty  of 
isphthol,  two  of  the  derivatives  of  this  medicine,  betol  and  benzo- 
laphtbol,  are  at  present  frequently  made  use  of.  Their  antiseptic 
•ower  is  not  as  great,  but  they  are  well  borne  even  by  delicate 
tomachs,  wliile  naplithol  itself  has  the  inconvenience  of  causing  pain 
Jid  gastric  burning  in  certain  individuals.  Benzonaphthol,  which  is 
TO  one  commonly  employed,  is  prescribed  in  daily  doses  of  from  two 
ofour  grams.  It  is  tasteless  and,  therefore,  can  be  given  to  children 
id  such  patients  whose  prostrated  condition  prevents  them  from 
^allowing  wafers.  It  may  be  administered  in  wafers,  powders,  in 
'hich  case  it  is  taken  in  some  liquid,  and  finally,  in  the  form  of  a 
wtion. 

Iodoform,  which  has  sometimes  been  employed  as  an  intestinal 
Qliseptic,  is  hardly  ever  used  now  for  this  purpose,    Salol,  in  doses 
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of  from  2  to  4  grains,  acts  particularly  upon  the  storaacli;  in 
fact,  it  is  decomposed  in  the  duodenum  into  carbohc  and  sslicylif 
acids,  which  are  soon  absorbed.  This  medicine  is  especially  useful 
when  there  is  reason  to  believe  that  infection  has  invaded  the  biliary 
passu^s,  salicylic  acid  passing  into  the  bile,  wliere  its  aseptic  aclioii 
is  exerted. 

Subnitrate  or  salicylate  of  bismuth  is  often  combined  with  thp 
antiseptics  above  inihcated.  Sahcylat«  of  bismuth  is  decompoaed  in 
the  presence  of  sulphuretted  hydrogen  originating  from  intestinil 
putrefaction ;  insoluble  bismuth  sulphide  isproduced.and  the  ealio-lie 
acid  thus  liberated  is  found  in  the  urine,  in  which  it  may  be  detectai 
by  means  of  perchloride  of  iron.  Some  authors  believe  that  thia 
offers  a  very  simple  means  of  determining  the  intensity  of  dige«tiTf 
putrefactions.  Instead  of  administering  through  the  mouth,  anli- 
septics  may  lie  introduced  by  the  rectum.  Various  medicinal  enemss 
have  been  favored.  Those  with  carbolic  acid  were  once  quite  (^ 
quently  employed. 

Although  enemas  are  of  service,  they  have  the  inconvenience  d 
affecting  only  the  terminal  part  of  the  large  intestine.  On  the  ollw 
hand,  the  fluid  arriving  under  a  certain  pressure  distends  the  reotil 
enlargement,  and  thus  aggravates  or  maintains  certain  disorilpfs. 
Irrigation  by  means  of  a  soft  sound  introduced  into  the  colon  is  free 
from  this  disadvantage.  Verj"  slight  pressure  may  be  employed,  b> 
that  the  liquid  flows  slowly  and,  being  introduced  deeply  into  the 
canal,  cleansing  is  more  complete.  Another  advantage  of  thisraethwi 
is  that  a  large  amount  of  fluid  may  be  circulated.  Mild  solutioMof 
potassium  permanganate  are  often  used  (1:10,000)  and  give  veij 
satisfactory  results  in  the  treatment  of  dysentery  and  dysenterifonn 
enterites.  Cantani  employed  in  cholera  a  fluid  containing  from  3  lo 
6  grams  of  tannin,  30  to  50  grams  of  gum  arable,  and  30  to  50  ilmf* 
of  laudanum  per  litre  (quart).  Of  course,  the  formulas  luay  t* 
varied  ad  infinilum.  We  shall  first  notice  the  advantages  obtains 
from  intestinal  lavage  with  subnitrate  of  bismuth.  This  snbsuui* 
being  deposited  upon  the  mucous  membrane,  forms  a  protective  Isyef, 
and  may  keep  the  antiseptic  incorporated  in  contact  with  the  diseasm 
parts.  In  order  to  introduce  bismuth,  which  is  given  in  doses  of  from 
10  to  20  grams,  it  is  suspended  in  t]uince  mucilage  or  gum  aral"' 
water. 

In  cases  of  infection  of  the  large  intestine  we  have  obtained  remyli' 
able  results  from  the  use  of  lavage  with  jieroxide  of  hydrogen.  "'' 
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duce  from  50  e.cm.  to  100  c.em.  of  peroxide  of  hydrogen,  which 
idered  alkaline  just  before  use  by  the  addition  of  a  double  volume 
ichy  water.  Peroxide  of  hydrogen  may  also  be  poured  into  a 
(quart)  of  boiling  water  in  which  should  be  dissolved  5  grams 
)(iiuni  chloride,  3  grams  of  sodium  phosphate,  and  ^  gram  of 
im  bicarbonate.  Peroxide  of  hydrogen  acts  as  an  antiseptic, 
oxygen  which  is  liberated  hinders  the  development  of  the  numer- 
anaerobie  microbes  inhabiting  the  intestine  and  at  the  same 
:  exercises  a  very  favorable  stimulation  upon  the  walls  of  the 
Jtive  canal.  This  medication  is  particularly  useful  in  tlie  treat- 
t  of  colites  and  notably  dysenteriform  colites. 
igestive  antisepsis  is  evidently  indicated  in  gastrointestinal  in- 
ons.  An  attack  of  indigestion,  seasonal  diarrheas,  alimentary 
loings,  as  well  as  typhoid  fever,  cholera,  and  dysentery,  are  well 
ted  by  this  medication.  In  typhoid  fever  the  administration  of 
ithol  or  benzonaphthol  has  the  advantage  of  diminishing  toxic 
ifestations  by  checking  putrefactions.  The  tongue  remains 
t,  delirium  is  rare,  tympanites  less  mai-ked,  and  the  fecal  matters 
itmoet  odorless.  As  gastrointestinal  putrefactions  play  a  con- 
able  r61e  in  a  number  of  infectious  disease,  the  use  of  antiseptics 
jquently  indicated.  In  affections  of  the  hver  and  kidneys,  the 
iformation  and  elimination  of  the  intestinal  poisons  being  imper- 
Y  effected,  it  is  important  to  dimini&h  this  principal  som-ce  of 
lication.  The  same  is  true  of  certain  cutaneous  infections. 
.  Bouchard  long  ago  laid  stress  upon  the  excellent  effects  of 
tinal  antisepsis  in  combating  acne  and  furunculosis.  Beer  yeast 
ably  acts  in  an  analogous  manner  by  regulating  the  digestive 
tions. 

itisepsis  of  the  Serous  Membranes.  Antiseptics,  once  fre- 
tly  employed  against  infections  of  serous  membranes,  are  no 
;r  used,  except  in  accordance  with  certain  indications.  The 
ician  is  guided  by  the  course  or  the  bacteriological  nature  of  the 
ion.  Thus,  in  pleurisies  with  the  pneumococcus,  one  or  several 
ncenteses  often  suffices.  In  streptococcic  or  in  pneumococcic 
riflies,  which  are  reproduced  repeatedly  or  are  developed  within 
rtition  of  the  pleura,  operation  for  empyema  with  or  without 
il  resection  is  resorted  to.  After  the  focus  is  opened  it  is  well 
rigate  with  a  mild  antiseptic  solution,  for  example,  a  1:1000 
:ion  of  corrosive  sublimate.  The  cavity  is  then  washed  out  with 
si  water  in  order  to  carry  away  the  antiseptic.    In  the  majority 
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of  caaes  a  sin^e  lavage  suffices.  If,  however,  tine  fluid  is  npSij 
reproduced,  or  it  becomes  fetid,  or  the  patient  presents  symptom  . 
due  to  purulent  absorption,  antiseptic  lavage  should  again  be  raorted 
to.  For  the  sanie  reason  these  irrigations  should  always  be  eiq)lq]red 
in  cases  of  putrid  pleurisies.  If  tine  effects  of  corrosive  sublimatem 
feared  a  4  per  cent,  solution  of  creolin,  a  1  per  cent,  solutkmof 
chloride  of  sine,  or  1  or  2  per  cent,  solution  of  salicylic  add  may 
be  used.  Not  infirequentiy,  however,  tine  practitioner  substitutiog 
asepsis  for  antisepsis  is  contented  with  lavage  with  boiled  water. 

In  cases  of  purulent  tubercular  pleurisy  surgical  intervention  doa 
not  yield  very  successful  results.  It  has,  therefore,  been  suggfisted 
to  inject  antiseptic  solutions  into  the  pleura.  Camphorated  naphthol 
particularly  has  been  used  in  this  case. 

Interstitial  Antisepsis.  Interstitial  antisepsis  may  be  practised 
by  introducing  germicidal  fluids  into  the  diseased  tissues.  Ite 
remarkable  results  obtained  by  this  method  in  the  treatmoitof 
malignant  pustule  are  well  known.  Davaine  and  Cdsard  were  <lie 
first  to  treat  anthrax  infection  by  means  of  interstitial  hgectkHiB  of 
iodine.  They  began  with  1 :  4000  solutions  and  gradually  increued 
to  1 :  400  dilutions.  Far  more  concentrated  solutions  may  euij 
be  employed.  The  author  recommends  a  mixture  of  one  part  d 
tincture  of  iodine  with  one  or  two  parts  of  iodided  water.  Fifteen 
to  20  drops  of  this  liquid  are  injected  into  the  swollen  parts  every 
morning  and  evening  by  three  or  four  punctures  made  around  and 
outside  the  vesicular  zone.  The  needle  is  obliquely  introduced  be- 
neath the  skin  and  the  fluid  is  injected  very  slowly.  The  author  also 
makes  subcutaneous  injections  around  the  congested  glands.  ^^ 
treatment  is  thus  continued  every  day  by  regulating  the  amount  of 
the  fluid  to  be  introduced  according  to  the  general  state  of  the  patient 
and  the  aspect  of  the  local  lesion.  The  injections  should  not  be 
suspended  until  amelioration  is  well  marked,  edema  is  diminished, 
the  skin  recovers  its  suppleness,  and  fever  has  disappeared.  During 
and  after  employment  of  iodine  injections  it  is  well  to  keep  the 
pustule  covered  with  an  antiseptic  dressing,  such  as  Van  Swieten's 
solution,  mercurial  ointment  (Cucco),  camphorated  naphthol,  etc. 
When  the  eschar  separates  the  part  is  covered  with  iodoform.  Thus 
the  too  rapid  development  of  pyogenic  agents  and  other  accidents 
may  be  avoided. 

Subcutaneous  injections  of  tincture  of  iodine  are  well  borne, 
although  they  are  somewhat  painful.   Some  transitory  phenomena  of 
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idism  may  at  times  occur  imder  their  influence.  In  one  case  we 
beerved  at  the  point  of  several  punctures  Uttle  painful  indurations 
rtiidi  finally  healed  at  the  end  of  a  few  weeks  without  any  accident, 
iussian  surgeons  have  employed  for  the  same  purpose  a  solution  of 
wrroeive  sublimate.  Good  results  have  also  been  obtained  with  IJ 
»  cent,  solutions  of  carbolic  acid.  This  fluid  is  well  borne  and 
pves  rise  to  no  disturbance. 

It  has  been  suggested  to  treat  erysipelas  in  the  same  manner  and, 
n  order  to  arrest  its  spread,  to  inject  antiseptic  fluids  at  the  margin 
)f  the  inflamed  part.  In  the  case  of  facial  erysipelas,  however,  the 
jvolution  seems  to  us  too  favorable  to  necessitate  so  delicate  a 
nethod.  In  erysipelas  of  the  limbs,  and  especially  of  the  lower 
extremities,  with  tendency  to  diffuse  suppuration  and  sphacelus,  the 
Mthor  has  several  times  injected  peroxide  of  hydrogen.  He  has 
iways  utilized  the  commercial  solution  diluted  with  an  equal  volume 
f  a  4  :  1000  sodium  bicarbonate  solution.  The  fluid  thus  obtained 
'  injected  beneath  the  skin  through  several  punctures  in  such  a 
lanner  as  to  surroimd  the  lesion.  From  5  to  10  c.cm.  of  the  fluid 
thus  introduced  morning  and  evening.  These  injections  produce 
uly  marvellous  effects,  and  in  several  cases  they  have  speedily 
rested  the  invading  course  of  a  suppurated  or  gangrenous  lesion. 
When  a  part  is  attacked  by  sphacelation  and  seems  irretrievably 
rt,  an  attempt  may  be  made  to  transform  it  into  a  harmless  mass 
^  a  sort  of  embalmment.  This  is  what  Prof.  Bouchard  realized  in  a 
se  of  gangrene  of  the  lower  extremity  due  to  post-typhoidal  arter- 
8.  He  prescribed  injections  of  a  25  per  cent,  creosote  solution  into 
e  diseased  limb.  The  putrefaction  was  rapidly  arrested ;  the  gan- 
enous  member  became  mummified,  and  was  subsequently  elimin- 
ed  by  spontaneous  amputation. 

General  Antisepsis.  A  last  question  remains:  Is  general,  at  least 
lative,  antisepsis  possible?  Is  it  possible  to  diminish,  if  not  to 
lolish,  the  aptitude  of  the  fluids  and  tissues  to  microbic  invasions  ? 
It  is  certain  that  we  here  encounter  great  difficulties  and  that 
itiseptic  substances  are  too  toxic  to  be  administered  in  amounts 
spending  to  this  end.  In  two  instances  the  experiment  was  made 
voluntarily:  It  occurred  at  the  time  when  carbolized  enemas  were 
Iministered  in  the  treatment  of  typhoid  fever.  Inadvertently  the 
other  solution  was  injected  into  two  patients.  Fearful  manifesta- 
3n8  immediately  occurred,  but  profuse  intestinal  irrigation  prac- 
^ed  forthwith  succeeded  in  carry hig  out  the  poison.    The  curious 
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fact,  however,  is  that  the  fever  fell  and  did  not  rise  agmn.  The 
disease  was  checked,  but  the  fatal  dose  had  nearly  been  reached. 

Tliere  is,  however,  an  inoffensive  substance  which,  according 
to  some  scientists,  renders  the  organism  aseptic.  This  substance 
is  tannin.  The  simple  injection  of  this  medicine,  it  is  said,  suf- 
fices to  render  the  blood  imfavorable  for  the  development  of  nu- 
crobes.  It  is  evidently  interesting  to  resume  the  study  of  these 
phenomena. 

While  it  is  hardly  possible  to  realize  general  antisepsis  of  the 
organism  against  the  majority  of  microbes,  we  are  able,  by  the  use 
of  specifics,  to  prevent  the  development  of  certain  determined 
agents.  The  medicines  described  under  this  name,  at  least  some  of 
them,  hinder  the  multiplication  of  a  given  microbe.  These  are  sele^ 
tive  antiseptics.  At  least  this  has  been  demonstrated  for  the  salts 
of  quinine  in  paludism.  The  germicidal  serums  act  in  the  same 
manner,  and  the  facts  already  known  lead  us  to  the  hope  that  ve 
shall  see  an  increase  in  the  list  of  substances  to  which  certain  microbes 
are  so  sensitive  that  minute  amoimts,  in  nowise  dangerous  for  the 
organism,  suffice  to  arrest  theu-  development. 

Oonclosion.  If  we  consider  the  present  tendency  of  surgeons  we 
find  that,  after  having  used  and  at  times  abused  antiseptics,  thffe 
is  a  growing  inclination  to  more  and  more  restrict  their  employ- 
ment. 

Strong  antiseptics  are  rejected  and  reserved  for  certain  exceptional 
cases.  On  the  other  hand,  asepsis  is  often  substituted  for  antisepsis 
by  the  use  of  lavage  with  boiled  water.  When  antiseptics  arc  em- 
ployed, all  those  which  may  produce  a  caustic  action  should  be 
eliminated,  and  it  should  be  borne  in  mind  that  germs  seem  tobeconie 
rapidly  habituated  to  their  germicidal  action.  It  is,  therefore,  nei^' 
sary  to  frequently  change  the  substances  employed.  Moreover,  iti? 
well  to  remember  that  an  antiseptic  often  acts  as  much  by  stimu- 
lating the  tissues  as  by  destroying  the  microbes.  The  latter  are  ^ell 
j)rotected  \nthin  the  organism.  They  seldom  vegetate  upon  the  sur- 
face. They  penetrate  into  the  folds  of  the  tissues  and  especially  into 
the  glandular  crypts,  vegetate  behind  masses  of  cells,  and  are  tha-^ 
[protected  against  antiseptics.  We  must  not,  therefore,  depend  too 
much  upon  this  method,  which  once  seemed  so  rich  in  promises. nor 
nuist  we  forget  that  the  best  antiseptics  are  those  which  are  secreted 
by  the  organism  itself.  The  efforts  of  the  physician  should,  thereiore. 
he  directed  to  stimulate  the  reactions  of  the  system. 
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Antitoxinic  Method. 

The  antiseptic  method  intended  to  destroy  germs  is  related  to  the 
ititoxinic  method  which  destroys  or  neutralizes  the  poisons.  We 
ave  already  shown  that  the  true  antitoxins  are  those  which  are 
Bcreted  by  the  animal  organism  in  the  com-se  or  in  consequence  of 
Dfections.  There  are,  however,  pharmaceutical  substances  capable 
)f  neutralizing  certain  microbic  poisons.  We  shall  divide  them  into 
three  groups  according  as  they  absorb  poisons,  precipitate  them,  or 
torm  with  them  combinations  rendering  them  inoffensive. 

The  absorption  of  microbic  toxins  may  be  accomplished  by  means 
of  charcoal  powder.  This  powder  fixes  not  only  coloring  and  odorous 
substances,  but  it  possesses  the  power  of  retaining  alkaloids.  It  was 
supposed,  therefore,  especially  at  the  epoch  when  microbic  poisons 
^wre  believed  to  be  analogous  to  alkaloids,  that  the  ingestion  of  char- 
coal powder  would  diminish  intestinal  putrefaction.  This  is  what  has 
in  fact  taken  place.  This  medication,  however,  must  be  supple- 
nwnted  by  prescribing  a  purgative  every  five  or  six  days,  in  order 
todeanse  the  intestine  of  the  accumulated  charcoal,  which  is  full  of 
toxms. 

Albumins  and  alkaloids  are  precipitated  by  certain  substances 
'tich  act  upon  these  two  groups  of  bodies.  Such  a  substance  is 
tannin.  It  may,  therefore,  be  hoped  that  this  medicine  will  prove 
useful  in  the  treatment  of  microbic  intoxications  by  rendering  harm- 
id  substances  insoluble.    In  fact,  the  employment  of  tannin,  tanni- 

5^,  or  tannalbin  gives  very  good  results  in  certain  digestive  infec- 

• 

ions.  In  the  course  of  putrefactions,  certain  chemically  well-defined 
ubstances  are  produced,  which  may  easily  be  neutralized.  Thus, 
ulphuretted  hydrogen,  which  is  so  often  originated  in  the  intestine, 
^  transformed  into  an  insoluble  sulphide  by  the  salts  of  bismuth. 
"he  latter  medicine  acts  not  only  mechanically,  but  also  as  an  anti- 
ixic. 

It  may  also  be  asked  whether  poisons  cannot  be  neutralized  by 
srtain  insoluble  precipitates  which  absorb  toxins.  Evidently  the 
Aon  is  not  thus  destroyed,  and  experimentation  demonstrates  that 
le  combination  is  not  very  intimate,  since  the  precipitate  acquires 
^xious  properties.  Nevertheless,  possibly  some  part  of  it  is  neu- 
alized  in  this  manner,  which  would  be  a  favorable  result. 
When  toxins  combine  with  certain  bodies  they  become  less  toxic, 
his  is  notably  what  occurs  when  they  come  in  contaet  with  iodine 
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and  its  derivatives.  The  action  of  iodine  and  trichloride  of  iodi 
has  been  well  demonstrated  by  numerous  experiments  bearing  e8[ 
cially  upon  tetanic  and  diphtheritic  toxins.  Probably  iodoform  ai 
in  the  same  manner.  The  latter  substance,  which  is  not  a  strc 
antiseptic,  gives  excellent  results  in  the  treatment  of  wounds,  beca 
it  is  decomposed  and  Uberates  iodine  which,  on  being  generat 
unites  with  toxins  and  suppresses  their  action.  Carbolic  acid  sec 
to  act  similarly  by  neutralizing  the  tetanic  toxin.  BacelU  has  advi 
the  injection  of  a  2  or  3  per  cent,  solution  of  carbolic  acid  bene 
the  skin  of  tetanus  patients  during  twenty  days  or  more.  E 
injection  is  to  be  3  eg.  to  4  eg.  Thirty  centigrams  of  carbolic  a 
is  daily  introduced  in  addition  to  4  eg.  to  6  eg.  of  morphine.  T 
method  counts  at  present  a  certain  number  of  successes. 

Lastly,  if  we  remember  that  toxins  are  destroyed  by  oxidation, 
readily  understand  the  advantages  to  be  derived  from  oxidizing  si 
stances  like  benzoate  of  soda.  Their  administration  acts  both  up 
the  poisons  of  the  microbes  and  upon  those,  by  no  means  less  i 
portant,  which  are  originated  within  the  organism.  These  few( 
amples  show  how  interesting  it  would  be  to  pursue  investigatic 
concerning  means  of  neutraUzing  toxins  within  the  organism. 

This  antitoxic  method,  which  as  }^et  includes  few  medicinal  si 
stances,  :\ssumed  great  importance  after  the  discoveries  of  Behri 
and  Kitasato.  Tlie  majority  of  medicinal  serums  are  included  in t 
group. 

Specific  Medication. 

Given  a  disease  lo  find  a  remedy  to  cure  it  is  a  problem  laid  do 
by  the  ancients.  Tlie  search  for  specifics,  the  preoccupation  of  wh 
is  constantly  present  in  the  \mtings  of  Pliny,  persisted  until  arec 
eiHX^h.  Tlic  soarcli  for  specifics,  which  was  nearly  abandoned  at 
time  cxjHTinicntation  made  us  better  acquainted  with  the  mode 
action  oi  medicines,  assumed  fresh  importance  with  the  discove] 
of  scrumtlicrapy.  Tlie  medicinal  serum  is  the  specific  remedy 
oxcollonco.  It  may  be  saiii  to  be  the  antidote  of  the  microbic  pois 
Tlic  antiiliphthoritic  serum,  for  instance,  is  the  specific  medicine 
the  disease.  Its  injection  causes  the  pseudomembranes  to  exfoli 
and  arrests  the  symptoms  of  intoxication.  The  fact  that  it  ha> 
intUience  iipv^n  ivlentical  or  analogous  pseudomembranes  created 
otl\er  pathoiTonic  aijents  well  demonstrates  its  specific  action.  T 
employment  of  the  serum  is  not  only  the  best  treatment,  but  ai 
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epresents  a  means  of  diagnosis.  It  confirms  the  old  adage :  NcUuram 
Wfborum  curationes  ostendunt. 

In  the  case  of  a  therapeutic  senim  the  medicinal  substance  repre- 
lents  a  product  of  reaction  against  a  determined  toxin.  It  is,  there- 
ore,  intelligible  that  the  antitoxin  should  be  special  and  elective. 
i  is,  however,  interesting  to  find  in  nature  vegetable  or  mineral 
ulwtances  which  possess  an  analogous  property  and  are  so  decidedly 
pedfic  that  they  may  equally  serve  diagnosis  and  treatment.  The 
pedfic  action  is,  however,  less  clear.  Although  each  of  these  sub- 
itances  cures  one  disease,  they  are  capable  of  improving  several 
rtihers,  or  at  least  combating  certain  symptoms. 

Aside  from  therapeutic  serums,  we  are  at  present  acquainted  with 
our  specific  substances:  cinchona,  mercury,  iodine,  and  salicylic 
^d. 

dnchona  and  Quinine.  The  febrifuge  action  of  cinchona  bark 
•eems  to  have  been  observed  long  ago  by  the  inhabitants  of  Peru, 
t  was  not,  however,  known  in  Europe  until  after  the  middle  of  the 
ighteenth  century.  The  remedy  was  introduced  by  the  C!ountess 
3  CSnchon,  Vice-queen  of  Peru,  and  almost  coincidently  by  the 
csuit  missionaries.  It  was  at  first  known  under  the  designation 
Countess'  powder"  and  "Jesuits'  powder."  In  1679,  Louis  XIV. 
•ought  from  the  Englishman,  Talbot,  the  secret  of  a  febrifuge  remedy 
iiich  was  nothing  else  than  a  wine  prepared  wdth  cinchona  bark, 
t  was  not  until  the  next  century,  in  1737,  that  La  Condamine  and 
oseph  of  Jussieu  determined  the  cinchona  tree.  Finally,  in  1820, 
^elletier  and  Caventou  succeeded  in  extracting  the  principal  alkaloid 
f  cinchona — quinine. 

Qnchona  or  quinine  is  not  a  common  antipjTetic  medicine.  It  is 
i8t  of  all  a  specific  antipyretic  acting  upon  malarial  fevers.  The 
mployment  of  the  medicine  was  regulated  by  Torti  and  Sydenham. 
Tie  method  of  Torti,  which  consisted  in  administering  the  drug 
rfore  the  paroxysm,  was  abandoned  by  its  author,  who  adopted 
ydenham's  or  the  English  method,  the  essential  principle  of  which 
fas  to  give  cinchona  at  the  end  of  the  parox5'^sm.  It  is  known  that 
uinme  was  abandoned  under  the  influence  of  Broussais'  ideas  or 
'as  given  in  insufficient  doses,  and  the  fearful  reign  of  malarial  fever 
1  the  troops  of  Algeria  is  not  forgotten.  At  the  present  day  quinine 
'  generally  prescribed  in  one-half  to  one  gram  doses.  Two  or  three 
fams  is  but  exceptionally  reached.  It  should  be  administered  either 
fter  the  paroxjrsm  or  five  or  six  hours  before  its  return.    The  latter 


a  harmful  action  upon  amebs.  'lliey  are  powerless 
of  a  low  organization,  while  they  rapidly  destroy 
mixing  a  drop  of  blood  containing  hematozoa  with  a 
quinine  solution  we  may  see  how  rapidly  the  mc 
pigmentary  grains  and  the  motile  filaments  are  arrei 
may  reciu-,  because  quinine,  which  kills  the  adult  1 
with  much  less  energy  upon  the  encysted  germs  of 
Thus,  quinine  represents  a  specific  medicine  beloogi 
of  germicidal  drugs.  It  is  a  parasiticide.  This  is  a 
fact,  but  it  would  not  be  safe  to  generalize  the  concl 
probable,  however,  that  such  is  also  the  case  with 
this  substance  acts  in  syphilis  as  a  parasiticide. 

Mercury  and  Iodine.  It  was  not  by  chance,  as  hi 
by  Fallope,  that  mereiu-y  was  first  employed.  It 
praised  by  the  Arabs  in  the  treatment  of  leprosy, 
against  parasites,  pedicular  affections,  and  the  i 
tried  in  sj'philis  by  analogy.  Employed  for  the  firsl 
mann  in  1497,  it  was  particularly  praised  by  Berengt 
Jean  de  Vigo,  who  prescribed  it  in  the  form  of  plaster 
who  employed  it  in  friction,  and  by  Matthioli,  who 
internally.  At  present  mercury  is  administered  by  thi 
or  by  inimctions,  by  subcutaneous  or  intramusculai 
in  grave  cases,  by  intravenous  injection.  We  may  < 
mercury  (blue  pill,  Sedillot's  pills,  inunctions  witii  N 
entum,  injections  of  mercury,  etc.),  the  insoluble  sal' 
iodide,  injections  of  calomel),  the  soluble  salts,  nc 
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i».\e  been  advanced.    It  is  well  to  notice,  however,  that  the  question 
undoubtedly  one  of  specific  action,  for  mercury  does  not  act  simi- 
larly against  other  infections.    On  the  other  hand,  it  is  not  equally 
useful  against  all  syphilitic  manifestations.    In  the  primary  stage 
mercury  acts  upon  the  chancre  and  adenites.    Its  action  is  still  more 
DiiU'ked  upon   the  secontlary  manifestations.     General   treatment 
makes  them  disappear;  local  treatment  often  suffices  to  cure  them. 
We  must  recognize,  however,  that  the  specific  action  of  mercury 
isnot  perfect.    Certain  manifestations  are  but  slightly  modified  under 
iuinfiuence.    The  generafized  disturbances  of  the  secondary  period, 
syphilitic  fever,  syphilitic  anemia,  pseudochlorosis,  and  secondary 
ceplinlalgia  frequently  resist  its  action.     Likewise,  more  profound 
manifestations,  tubercular  and  pustular  syphilides,  and  precocious 
gummata  require  complementary  treatment.     Finally,  at  a  late 
period,  mercury  is  insufficient.     In  all  such  cases  recourse  should 
be  had  to  another  specific,  advised  for  the  first  time  in  1836  by 
Wallace  (of  Dublin),  and  the  indications  for  which  have  been  well 
regulaled  by  Ricor,    AVe  refer  to  iodine  in  the  form  of  iodide  of 
polassiiun.    Thus  we  have  two  specifics  for  one  disease,  and,  a  fact 
"f  particular  interest,  each  of  these  substances  has  its  pecuUar  indi- 
cations, 80  that  they  must  be  employed  successively  or  in  conjunc- 
tion, 03  the  case  may  be. 

The  iodide  is  not  infalfible.  Tliere  are  cases  on  record  in  which 
treatment  r^ularly  followed  produced  no  effect.  Tlie  author  ob- 
served a  young  man  suffering  from  an  indurated  chancre.  Being 
the  relative  of  a  very  distinguished  physician,  he  was  treated  from 
_the  very  beginning  and  submitted  to  mercurial  medication.  Two 
ywR  later  he  suffered  from  ocular  disorders.  One  of  the  ablest 
ophthalmolt^ists  of  Paris  prescribed  the  mixed  treatment  for  him. 
™tC3d  of  the  improvement  expected  from  an  energetic  treatment, 
^ynptoms  of  spinal  syphilis  made  their  appearance.  In  spite  of  all 
fie  medication  employed,  in  spite  of  the  iodides,  in  spite  of  mercury 
"•jected  in  the  form  of  cyanide  into  the  veins,  the  paralysis  followed 
"^  ascentUng  course,  and  terminated  fatally  with  the  appearance  of 
Nbar  phenomena.  Facts  of  this  kind  are  rare,  but  are  not  alto- 
8*tlier  exceptional.  In  the  presence  of  them  doubt  has  been  ex- 
^''^ssed  as  to  the  efficiency  of  mercury  and  potassium  iodide.  The 
"Oubt  is  not  well  founded-  Treatments,  even  when  specific,  do  not 
^'ivaj's  succeed.  Clinical  phenomena  are  too  complex  to  be  covered 
'J"  a  single  formula  explaining  their  entire  evolution.    Deaths  occur 
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from  sjrphilis  in  spite  of  mercury  and  iodide,  as  people  die  from 
diphtheria  in  spite  of  antidiphtheritic  serum.  We  have  reason  to 
be  highly  satisfied  that  it  is  possible  to  cure  the  great  majority  of 
sufferers. 

It  is  hardly  necessary  to  say  that  specific  treatment  has  no  action 
upon  the  common  lesions  consecutive  to  syphilitic  lesions.  Althou^ 
it  may  still  improve  certain  scleroses,  it  is  evidently  incapable  of 
removing  lesions  produced  by  stricture  or  obliteration  of  arteries, 
fibrous  cicatrices,  and  foci  of  softening. 

We  need  not  dwell  at  length  upon  the  necessity  of  having  two 
specifics  for  one  disease.  One  hypothesis  alone  se^ns  plausible.  It 
may  be  admitted  that  the  agent  of  syphilis  undergoes  profound  moi- 
fications  within  the  organism  which  it  has  uivaded.  Although  very 
virulent  in  the  b^inning,  as  is  evident  from  the  contagiousness  of 
the  primary  and  secondary  manifestations,  the  agent  gives  rise  only 
to  superficial  lesions.  Later  it  possesses  very  slight,  if  any,  virulence, 
and  yet  at  this  period  of  its  evolution  it  seems  to  be  more  dangerous 
for  the  organism.  It  becomes  locaUzed  at  various  points  and  pro- 
duces reactions  unUke  those  of  the  former  periods.  There  seems  to 
be  no  apparent  analogy  between  a  papular  syphilide  and  a  gumma. 
The  reason  the  reactions  of  the  organism  which  produce  the  lesion 
are  so  dissimilar  is  evidently  that  the  parasite  is  modified  or  that  the 
organism,  being  gradually  impregnated  with  the  toxins,  has  under- 
gone a  profound  transformation.  In  the  two  cases,  the  manifesta- 
tions being  no  longer  analogous,  the  necessity  of  two  different  treat- 
ments is  readily  conceivable. 

We  must  here  recall  that  iodine  is  not  a  specific  for  syphilis  alone. 
Without  speaking  of  its  action  upon  scrofulosis,  there  is  another 
infection  in  which  iodine  is  a  specific,  namely,  actinomycosis. 
Tliomasses,  of  Utrecht,  was  the  first  to  show  that  potassium  io^iide 
may  cure  actinomycosis  in  animals.  Nocard  made  it  known  in 
France.  Then  successful  attempts  were  made  in  man  by  \'an  Hersen 
and  others.  Netter,  Duguet,  and  Ducor  have  reported  interesting 
observations.  The  favorable  effects  usually  become  manifest  when 
phenomena  of  iodism  appear. 

Salicylic  Acid.  Salicylic  acid  and  its  derivatives  are  often  spoken 
of  as  specifics  for  acute  articular  rheumatism. 

Maclagan  tried  salicin  in  1874.    He  started  from  the  idea  that  the 
i!  willow,  growing  in  damp  countries,  where  rheumatism  is  frequent, 

[;  must  contain  some  antirheumatic  substance,  since  cinchona,  wl 
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OWB  in  malarial  countries,  contains  a  febrifuge  substance.  Buss 
lied  attention  to  salicylic  acid.    Strieker  showed  the  good  effects 

the  substance  (1876),  for  which  Senator  substituted  salicylate  of 
da.  At  present  the  last-named  medicine  and  certain  similar  sub- 
ances,  such  as  salol,  salipyrine,  salophen,  and  aspirin,  are  employed, 
[ethyl  salicylate  is  used  for  external  applications. 

All  these  preparations  give  excellent  results.  Are  they,  however, 
rue  specific  medicaments?  A  great  many  authorities  so  believe,  and 
rgue  that  those  arthrites  which  resist  the  action  of  the  medicine  are 
lot  truly  rheiunatic.  In  fact,  it  is  certain  that  the  arthropathies  of 
econdary  infections,  notably  gonorrheal  arthropathies,  are  not  bene- 
ited  by  salicylates  as  are  the  arthropathies  of  acute  articular  rheu- 
natism.  This  is  an  argument  in  support  of  the  specific  character. 
!t  has  been  objected  that  the  visceral  manifestations  occurring  in  the 
worse  of  their  evolution  are  not  modified,  but  we  have  seen  analogous 
tsults  in  many  other  cases.  Specific  serums  are  Ukewise  powerless 
oremedy  certain  visceral  evolutions,  such  as  nephritis  and  paralyses, 
^^emay,  therefore,  class  the  salicylates  among  the  specific  medicines, 
Jthough  it  must  be  acknowledged  that  we  are  completely  ignorant 
i  their  mode  of  action. 

If  we  now  consider  the  four  specific  medicines,  we  see  that  one 
f  them — quinine — acts  as  a  parasiticide,  and  that  the  other  three 
•088688  an  influence  the  mechanism  of  which  remains  unknown. 

Bacteriotherapy. 

Bacteriotherapy  is  a  therapeutic  method  aiming  to  combat  infec- 
on  by  infection,  viz.,  to  introduce  virulent  agents  or  microbic  toxins 
ito  the  diseased  organism. 

It  has  been  long  known  to  clinical  observers  that  erysipelas  may 
Wise  torpid  infectious  lesions  to  retrocede  and  disappear.  Ulcers, 
ipus,  syphilitic  lesions,  and  cancer  have  been  seen  to  improve  and 
eal  under  the  influence  of  an  intercurrent  erysipelas.  It  may, 
ierefore,  be  questioned  whether,  in  certain  cases,  it  would  not  be 
Ivisable  to  inoculate  disease  for  therapeutic  purposes.  Ricor 
^e  the  first  attempt  of  this  kind  in  syphilis.  The  method  proved 
^successful,  and  experiments  of  this  nature  have  only  recently 
^n  taken  up.  Following  FehleLsen,  several  physicians  injected 
Itures  of  living  and  virulent  streptococcus  into  patients  suflFering 
>m  cancer.  The  procedure  was  a  dangeious  one.  Several  of  the 
tients  thus  treated  succumbed.     Nevertheless,   inoculation   of 
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virulent  products  is  still  employed  in  one  case,  namely,  in  the  treat- 
ment of  pannus;  the  introduction  of  gonorrheal  pus  induces  a 
purulent  conjunctivitis  which  is  sometimes  followed  by  a  cure. 

While  virulent  microbes  are  dangerous,  non-pathogenic  microbes 
may  be  introduced  with  apparent  safety.  An  attempt  has  been 
made  to  treat  tuberculosis  by  inhalations  of  the  bacterium  termo. 
The  results  were  negative,  and  the  procedure  was  abandoned.  A 
therapeutic  measure  has  recently  been  resorted  to  which  enters  the 
domain  of  bacteriotherapy.  We  refer  to  the  ingestion  of  beer  yeasi 
against  suppurative  cutaneous  inflanmiations  and  notably  furuncu 
losis. 

This  method,  which  was  indicated  as  early  as  1852  by  an  Englis 
physician,  Mosse,  is  a  popular  remedy  in  the  north  of  Frano 
It  has  been  employed  by  Debouzy,  Grobert,  and  De  Backer.  It 
only  since  the  work  of  Dr.  Brocq,  however,  that  attention  has  bee 
drawTi  to  this  subject.  The  investigations  of  this  author  show  ih 
by  giving  to  a  patient  one  teaspoonful  of  fresh  yeast  three  times 
day  we  may  arrest  the  development  of  f unmcles,  suppress  pain,  an 
hasten  cicatrization.  It  is  not  exactly  known  how  the  yeast  act 
It  probably  produces  its  effect  by  regulating  digestion,  which  is  £ 
often  disturbed  in  these  patients. 

The  employment  of  living  microbes  for  therapeutic  purposes  seen 
to  liave  a  rather  restricted  field.  As  microbes  do  not  act  excej 
by  their  soluble  products,  it  may  be  questioned  whether  toxii 
might  not  render  the  same  therapeutic  service.  We  must  consiil 
two  quite  different  cases.  We  may  combat  an  infection  by  ineai 
of  products  originated  by  microbes  difTerent  from  the  one  whi( 
we  wish  to  antagonize.  On  the  other  hand,  we  may  employ  tl 
toxins  secreted  by  the  pathogenic  microbe  which  we  \\'ish  to  attac 
The  former  method  is  very  much  like  bacteriotherapy,  which  b; 
already  been  studied.  There  are  some  experiments  in  its  suppoi 
\\'lien  speaking  of  microbic  associations  we  alluded  to  the  fact  tli: 
pyocyaneus  toxins  hinder  the  evolution  of  anthrax.  Sterifo 
cultures  of  the  bacillus  prodigiosus  act  in  the  same  manner,  i 
least  in  rabbits.  Kostiurine  and  Krainski  have  show^n  that  putrefi^ 
fluids  combat  anthrax  and  tuberculosis.  Therapeutic  attempts  wei 
made  on  man.  Rumpf  and  Kraus  have  treated  t>phoid  cases  b 
sterilized  cultures  of  the  bacillus  pyocyaneus. 

Streptococcic  Toxinotherapy.  Cultures  of  the  streptococci] 
have  been  the  subject  of  the  greatest  number  of  researches.   Lassai 
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ronck,  Coley,  Friedreich,  Kocher,  and  R^pin  treated  a  certain 
inber  of  neoplasms  by  means  of  streptococcic  toxins  and  obtained 
few  successes,  especially  in  cases  of  sarcomata.  The  procedures 
iployed  by  these  various  observers  were  not,  however,  always  the 
me. 

Lassar,*  fearing  the  use  of  simply  filtered  cultures,  the  high 
ridty  of  which  we  have  proved  as  regards  animals,  resorted  to 
Itures  sterilized  by  heat  and  freed  from  all  figurat^  elements  by 
sans  of  filtration  through  porcelain.  The  greatest  part  of  the 
xious  substances  is  thus  destroyed,  and  the  fluid  is  not  toxic 
Jess  it  is  derived  from  an  extremely  virulent  culture.  Taking 
ound  upon  the  same  experimental  facts,  Spronck*  also  tried  the 
ated  cultures.  BeUeving,  however,  that  the  toxic  substances 
)uld  be  more  active  from  a  therapeutic  standpoint,  he  employed 
mixture  of  heated  and  simply  filtered  cultures.  R6pin*  employed 
tered  but  not  heated  cultures.  Finally,  Coley,*  inspired  by  our 
vestigations  on  microbic  associations,  utilized  a  mixture  of  strepto- 
ccic  toxins  and  sterilized  cultiu*es  of  the  bacillus  prodigiosus. 
)t  only  the  composition  of  the  fluid,  but  also  the  mode  of  injection 
ried.  While  Lassar  and  CJoley  injected  the  toxins  into  the  interior 
the  tumors,  Spronck  and  R6pin  injected  them  at  a  distant  point, 
d  R^pin  finally  introduced  them  into  the  veins.  These  various 
ocedures  having  given  a  few  successes  in  the  treatment  of  neo- 
tems,  we,  with  Dr.  Hallopeau,*  pursued  analogous  researches  upon 
pus.  It  seemed  to  us,  however,  that  our  first  duty  was  to  begin 
th  harmless  fluids — i.  e.,  to  try  streptococcic  cultures  sterilized 
heat. 

Ve  operated  in  the  following  manner:  Bouillon  containing  a 
cptococcus  of  medium  virulence  was  kept  in  the  incubator  for 
ieen  days.  At  the  end  of  this  period  the  culture  was  evaporated 
d  reduced  to  one-^ixth  of  its  original  volume,  then  heated  in  the 
toclave  to  230°  F.  (110''  C.)  for  fifteen  hours.  The  culture  was  not 
ered,  in  order  that  we  might  use  both  the  toxins  modified  by  heat 
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and  the  microbic  cadavers.  The  fluid  thus  obtained  is  almost 
inoffensive.  Guinea-pigs,  rabbits,  and  mules  received  considerable 
amounts  without  presenting  any  notable  disturbance.  We  kept  for 
two  years  a  rabbit  which  had  received  400  c.cm.  of  steriliied 
streptococcic  toxins  and  which  continued  in  good  health.  It 
seemed,  therefore,  that  the  fluids  were  not  apt  to  give  rise  at 
the  end  of  a  certain  period  of  time  to  any  organic  disturbances  or 
visceral  lesions.  The  only  phenomena  produced  in  the  animabby 
subcutaneous  injections  were  tumefaction  at  the  point  inoculated 
and  sometimes  a  transitory  rise  in  temperature.  There  are  somt 
exceptions,  however,  to  this  rule.  An  animal  may  manifest  ai 
active  reaction,  while  other  animals  present  no  disorder  whatever 
We  observed  a  mule  in  which  each  injection  of  the  toxin  produca 
fever,  profuse  sweating,  and  lassitude,  while  other  mules  similarl; 
inoculated  showed  no  reaction.  The  same  individual  peculiaritie 
are  more  markedly  observed  when  man  is  experimented  upon. 

Our  therapeutic  inoculations,  which  were  practised  upon  sevei 
women,  were  all  made  into  the  diseased  regions,  beneath  the  skin 
We  began  by  injecting  five  or  six  drops  of  the  fluid,  representiui 
thirty  to  thirty-eix  drops  of  the  primary  culture ;  then,  if  the  sens 
tiveness  of  the  patient  was  not  too  great,  we  gradually  increase 
the  dosage.  AVe  finally  introduced  as  many  as  thirty  drops  c 
toxins  at  one  sitting,  about  9  c.cm.  of  the  culture.  The  injectio 
generally  caused  a  suflBciently  strong  local  reaction.  An  edematou 
tumefaction,  a  true  fluxion,  was  generally  produced,  which  set  i 
from  fifteen  minutes  to  two  or  three  hours  after  the  injection.  Tt 
edema  was  in  some  cases  suflBciently  intense  to  disturb  the  patiei 
and  notably  to  cause  closure  of  the  eyelids,  or  to  embara^^s  movi 
ment  of  the  lips.  At  the  end  of  a  few  hours,  however,  the  sympton 
improved,  and  within  a  day  or  two  the  edema  disappeared  alt 
gether.  These  local  manifestations  e\ddently  vary  according  to  tl 
amount  introduced.  Individual  predisposition,  however,  seems 
play  the  principal  role  in  their  production.  In  one  of  our  patien 
the  smallest  injection  gave  rise  to  tumefactions  which,  at  firs 
seemed  quite  disquieting.  In  spite  of  the  local  disorders,  the  gener 
phenomena  were  not  very  pronounced.  A  few  patients  complaine 
of  malaise  and  lassitude,  several  of  lumbar  pains  for  a  day  or  twi 
Contrary  to  what  has  been  noted  by  other  observers,  however, « 
noticed  no  veritable  fever.  The  temperature,  carefully  taken  ever 
hour,  did  not  rise  above  99.5°  F.  (37.5°  C).    Only  once  a  patien 
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eloped  a  temperature  of  104°  F.  (40°  C).  The  interesting  fact 
Us  case  was  that  the  hyperthermia  was  produced  at  the  end  of 
)  months  of  treatment,  while  previous  injections  of  practically 
same  amounts  had  given  rise  to  no  fever,  nor  did  subsequent 
culations. 

t  did  not  seem  to  us  that  a  well-marked  habit  to  the  toxins  was 
duced.  The  local  phenomena  were  nearly  always  the  same  in 
1  game  patient.  In  the  woman  who  presented  such  a  remarkable 
ceptibility  the  reactional  swelling  was  produced  at  the  end  of 
le  months  of  treatment  just  as  on  the  first  day.  This  result, 
ich  differs  notably  from  that  obtained  by  other  experimenters, 
due,  perhaps,  to  the  presence  of  microbic  cadavers  in  the  liquid 
ployed,  perhaps  to  the  relatively  long  interval  between  the 
ections;  in  fact,  the  latter  were  given  only  once  a  week. 
He  action  of  sterilized  cultures  of  the  bacillus  prodigiosus  was 
ite  different.  This  microbe  was  cultivated  in  bouillon,  then,  at 
B  end  of  eight  days,  the  culture  was  sterilized  at  a  temperature 
23(f  F.  (110°  C.)  for  ten  minutes  and  injected  without  being 
l«red.  The  fluid  thus  prepared,  mixed  with  the  streptococcic 
Iture,  was  tried  on  four  patients.  We  began  by  introducing  three 
ope  of  the  culture  of  bacillus  prodigiosus.  This  minute  dose  caused 
ridents  which  somewhat  alarmed  us,  at  least  with  regard  to  two  of 
5  patients.  Three  hours  after  the  injection  violent  chills  occurred, 
'  extremities  became  cold,  the  pulse  was  weak  and  rapid,  the 
itral  temperature  rose  to  102.2°  F.  and  to  103.1°  F.  (39°  and 
5°  C.) ;  these  sjrmptoms  were  followed  by  nausea,  vomiting  and, 
one  of  the  patients,  diarrhea  with  incontinence  of  feces.  These 
Drders,  however,  were  only  transitory.  On  the  following  day  the 
ients  simply  felt  tired.  The  crisis  terminated  in  a  very  profuse 
pes  labialis.  Instructed  by  these  results,  we  introduced  only  two 
ps  of  the  culture  for  the  second  injection.  The  symptoms  con- 
ed in  a  slight  malaise  and  an  insignificant  rise  in  temperature, 
eequently  the  patients  became  habituated  to  the  toxin,  and 
dved  progressively  increasing  doses — as  many  as  six  drops — 
lOut  presenting  any  appreciable  reactions. 
he  action  of  the  bacillus  prodigiosus  demonstrated  far  better 
a  all  laboratory  experiments  that  a  minute  dose  of  toxin  may 
J  rise  to  extremely  grave  general  manifestations,  and  clearly 
kbiishes  the  toxi-infectious  origin  of  herpes.  Lastly,  it  is  very 
iiesting  to  note  that  the  soluble  products  of  the  bacillus  pro- 
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digiosus  and  non-pathogenic  microbes  proved  far  more  toric  than 
those  of  the  streptococcus.  The  differences  were  very  remarkable. 
Three  drops  of  the  bacillus  prodigiosus  produced  disquieting  symp- 
toms, while  thirty  drops  of  a  streptococcic  culture,  representing 
9  c.cm.  of  the  primary  culture,  produced  only  a  local  reaction 
Sterilization,  however,  had  been  made  according  to  the  same  pro 
cedure,  viz.,  by  heat  at  210°  F.  (110°  C). 

If  now  we  consider  the  results  obtained  in  our  seven  patient 
we  find  that  in  one  lupus  was  completely  cured.  In  two  a  ver 
marked  improvement  was  produced;  in  the  other  four,  amelioratio 
was  slight  or  nil.  The  best  results  were  obtained  in  young  subject 
whose  vital  reaction  is  more  energetic  and  more  readily  arousec 
and  in  those  whose  lupuses  were  characterized  by  fungous,  vegetal 
ing  tubercles  and  deep  and  extensive  ulceration.  Under  the  infli 
ence  of  the  treatment  the  tubercles  were  reduced,  the  disch^ 
disappeared,  and  the  ulcerations  rapidly  diminished.  Finally,  ths 
was  produced  a  cicatrix  remarkable  for  its  perfect  elasticity;  it  ws 
almost  normal  skin.  On  the  other  hand,  the  result  was  sli^t  c 
negative  in  those  cases  in  which  sclerosis  dominated  and  the  tubercle 
were  embedded  in  cicatricial  tissues.  All  that  was  observed  in  sue 
patients  was  a  reduction  in  the  size  of  the  tubercles  and  disappeai 
ance  of  a  few. 

The  results  obtained  by  us  will,  perhaps,  not  appear  very  encom 
aging.  The  patients,  however,  manifested  great  enthusiasm  wit 
regard  to  these  therapeutic  attempts.  In  despair  at  the  failure  ( 
other  methods,  the  sufferers  were  satisfied  with  the  amelioratio 
obtained  at  our  hands.  The  reason  we  did  not  further  piu-sue  oi 
attempts  is  that  microbic  toxins  are  such  actively  energetic  sut 
stances  that  one  cannot  exercise  too  much  prudence  when  appl}'iD 
them  to  human  therapeutics.  We  would  not  have  made  even  tl 
attemj)ts  above  reported  had  we  not  been  led  to  do  so  by  laborator 
investigations  and  by  results  obtained  in  the  treatment  of  cance 
At  all  events,  we  watched  the  patients  with  the  greatest  care.  A 
repeatedly  examined  their  urine  and  we  prolonged  the  exi)erimcr 
because  we  noticed  no  permanent  disorder  and  no  albuiiiinuri' 
The  results  obtained  did  not  seem  to  us,  however,  sufficiently  sati; 
factory  for  continuing  our  therapeutic  attempts.  Nevertheless.  W' 
thouglit  it  might  be  of  value  to  make  known  our  researches  in  th< 
hope  that,  if  taken  up  by  others  with  some  technical  modification>' 
thev  would  lead  to  a  better  method.     The  method  should  be  ^^ 
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odified  as  to  increase  the  local  action  and  to  suppress  the  general 
anifestations.  In  fact,  it  seems  that  the  toxins  act  by  the  inflam- 
ation  induced  by  them ;  and  it  is  for  this  reason  that  we  injected 
em  into  the  diseased  tissue  itself.  What  proves  that  we  were 
^t  in  so  doing  is  the  fact  that  in  a  case  of  bilateral  lupus  the 
xnilated  side  rapidly  improved,  while  the  opposite  side  presented 
t  slight  modification.  Moreover,  for  fear  of  accidents,  we  made 
ly  one  injection  per  week.  It  is  better  to  make  one  every  two 
three  days.  Lastly,  our  observations  showed  that  the  addition 
soluble  products  of  the  bacillus  prodigiosus  render  the  fluids 
iich  more  efficacious.  In  a  case  in  which  the  streptococcic  toxins 
!re  employed  alone  the  results  were  almost  niL  Each  injection 
iwever,  produced  very  marked  edema  in  the  patient.  For  this 
ason  we  did  not  add  the  bacillus  prodigiosus,  and  noted  that 
urions  caused  by  the  streptococcus  alone  were  not  sufficient  to 
oeKorate  lupus.  Likewise,  in  the  patient  who  recovered  and  in 
iMe  who  notably  improved,  the  favorable  effects  were  not  very 
Bar  until  after  the  mixture  of  the  two  toxins  was  employed. 
It  is  not,  however,  to  be  concluded  that  these  microbic  products 
Dssess  specific  germicidal  power.  The  toxins  probably  act  not 
3on  the  bacillus,  but  upon  the  organism.  They  stimulate  the 
«ponsive  activity  of  the  economy  and  attract  to  the  diseased  spot 
mm  and  leucocytes  which  combat  the  bacilli  and  the  morbid  tissue 
Jveloped  under  their  influence. 

While  the  results  obtained  are  not  sufficiently  successful  to 
arrant  a  systematic  continuance  of  the  bacteriotherapic  method, 
would  be  reasonable  to  try  it  in  certain  suitable  cases,  viz.,  in 
)ung  persons  suffering  from  fimgus  and  ulcerating  forms  of  lupus, 
^e  are  aware  that  cases  of  this  variety  are  most  frequently  cured 
^  classical  procedures.  When,  however,  the  latter  fail,  a  last 
tempt  may  be  made  by  means  of  the  toxins.  It  is  well  to  repeat 
at  it  is  necessary  to  increase  the  therapeutic  effects  by  practising 
e  injections  at  shorter  intervals  and  by  employing  more  active 
ids,  or  by  making  use  of  a  serum  analogous  to  that  which  was 
iployed  by  Enmierich  and  SchoU  in  the  treatment  of  cancer. 
Streptococcic  Hematoxin.  Instead  of  a  culture,  Emmerich  and 
loll  employed  the  serum  of  infected  animals.  One  might  suppose, 
fact,  that  active  toxins  would  be  found  therein  in  greater  abun- 
tice. 
The  serum  of  sheep  infected  with  the  streptococcus  was  filtered 
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through  porcelain  in  order  to  free  it  from  all  living  elements.  TIm 
serum  was  injected  into  neoplasms  in  doses  varying  from  1  ccmto 
25  c.cm.  The  injections  produced  at  the  point  of  inoculation  a  red- 
ness analogous  to  that  of  erysipelas,  which  persisted  for  a  day  or  two, 
A  febrile  movement  was  at  the  same  time  observed.  It  is  to  b( 
noted  that  the  more  intense  the  local  reactions  the  better  were  th 
effects  produced.  Such  is  precisely  the  case  when  sterilized  culture 
are  made  use  of.  The  serum  proved  inefficient  in  only  two  casei 
In  the  other  patients  the  more  recent  the  tumor  the  greater  m 
the  activity  of  the  serum.  Its  employment  is  advisable  in  m 
of  postoperative  relapses. 

The  report  of  Emmerich  and  SchoU  was  too  important  not  1 
inmiediately  give  rise  to  control  researches.  Unfortimately,  tl 
results  obtained  by  other  experimenters  were  not  confirmativ 
Some  of  them,  Schuler  among  others,  reported  successes,  but  tl 
majority  of  physicians  obtained  no  appreciable  results,  and  son 
of  them  even  observed  accidents.  Burns  found  the  patients  feveris 
and  dyspneic,  the  heart  weakened  and  the  urine  albuminous.  1 
spite  of  the  answers  given  by  Emmerich  and  Scholl  to  criticism 
their  method  is  to-day  abandoned.  It  does  not  seem  to  be  supai 
to  bacteriotherapy,  and  it  has  the  disadvantage  of  being  ma 
complicated  and,  what  is  of  greater  consequence,  more  dangerou 
Tuberculin.     The  method  that  consists  in  treating  an  infecti( 

I ,  by  the  soluble  products  engendered  by  the  pathogenic  agent  whi( 

is  to  be  combated  differs  considerably  from  the  toxinotherap 
procedure  above  studied.  The  latter  is  based  upon  experiment 
data:  such  is  not  the  case  with  the  former.  In  fact,  nuniero' 
investigations  have  demonstrated  that  microbic  products  favor  tl 
development  of  the  microbe  which  has  secreted  them.  .AJthouj 
they  are  often  endowed  with  vaccinating  power,  they  are  nev 
curative.  Perhaps  it  will  some  day  be  possible  to  prepare  a  su 
stance  possessing  therapeutic  properties  by  modifying  these  pro 
ucts.  This  is  what  Smirnow  claims  to  have  obtained  by  subjectii 
diphtheritic  toxin  to  electrolysis. 

Microbic  products  have  been  utilized  in  the  treatment  of  thn 
diseases — tuberculosis,  glanders,  and  typhoid  fever. 

The  enthusiasm  with  which  the  first  communication  of  Koch  w: 
met  is  well  remembered.  At  the  Berlin  Congress  of  1890  the  eininec 
scientist  announced  that  he  had  succeeded  in  arresting  the  evolutio 

I  \  of  tuberculosis  in  animals  by  means  of  a  product  which  wa5  calle< 
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tuberculin  or  Koch's  "lymph."  It  can  be  prepared  by  reducing 
to  one-tenth  of  its  volume  a  culture  of  tubercle  bacilli  developed 
in  glycerinated  peptonized  veal  bouillon.  When  filtered  through 
porcelain  it  is  obtained  in  the  form  of  a  limpid  and  brownish  fluid, 
the  composition  of  which  is  evidently  quite  variable.  Hence,  it 
Aould  not  be  employed  except  after  its  action  has  been  verified 
upon  tubercular  guinea-pigs. 

Like  other  microbic  products,  tuberculin  acts  only  when  it  is 

injected  beneath  the  skin  or  into  the  veins.    When  introduced  by 

the  alimentary  canal  it  has  no  effect.    Its  action  is  not  very  marked 

open  animals;  a  guinea-pig  easily  resists  2  c.cm.  of  the  **  lymph," 

^ile  a  dose  of  0.25  c.cm.  produces  notable  effects  in  man.     By 

reducing  the  results  to  the  same  imit  of  weight,  it  may  be  seen 

that  man  is  from  1000  to  1500  times  more  sensitive  to  this  remedy 

ftan  the  guinea-pig.     Therefore,  the  action  of   tubercuUn  should 

be  studied  upon  man.     Koch  had  the  courage  to  experiment  upon 

himself.     He  injected  0.25  c.cm.  of  the  ''lymph''  into  his  arm. 

'Hiree  or  four  hours  later  he  experienced   twitchings  in  his  limbs 

^d  paroxysms  of  coughing;  later  on,  chills,  nausea,  vomiting,  and 

fever  attainmg  102.2®  F.  (SQ""  C).     At  the  end  of  twelve  hours 

*^he  morbid  phenomena  disappeared,  except  a  slight  tired  feeling. 

In  a  healthy  man  or  in  individuals  suffering  from  a  non-tul)ercular 
affection,  it  is  necessary  to  employ  at  least  0.01  c.cm.  of  lymph  in 
Otder  to  produce  disturbances.  The  temperature  rises  to  100.4®  F. 
(38®  C).  In  tuberculous  subjects  0.003  c.cm.  and  even  0.002  c.cm. 
Suffices  to  arouse  intense  reactions. 

In  his  first  communication  Koch  reports  an  experiment  which 
Qeems  to  have  been  the  point  of  departure  of  his  investigations.  He 
asserted,  contrary  to  Dr.  Arloing,  that,  in  a  tul)ercular  guinea-pig, 
a  reinoculation  of  the  virus  gives  rise  to  only  slight  lesions  without 
any  tendency  to  generalization.  It  would  be  inferred  from  this  fact 
that  a  first  inoculation  confers  a  certain  degree  of  immunity.  Hence 
it  was  natural  to  investigate  whether  the  soluble  products  of  the 
tubercle  bacillus,  like  those  of  a  great  number  of  bacteria,  would  not 
act  in  the  same  manner.  Koch  claimed  to  have  obtained  this  result, 
but  he  indicated  it  only  incidentally  without  relating  any  experiment. 
Arloing,  Rodet,  and  C!ourmont  took  u])  the  question.  They  pursued 
a  great  number  of  researches  on  this  subject  and  constantly  failed. 
The  animals  were  never  rendered  immune;  on  the  contrary,  at  times 
they  manifested  a  morbid  receptivity  and  succunilx?d  more  rapidly 
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than  the  controls.  The  Bame  failure  attended  the  experin 
Jaccoud,  Dujardiii-Beaumetz,  and  Dubief.  It  may,  thee 
said  that,  with  respect  to  this  second  point,  Koch's  tubercul' 
to  realize  what  had  been  promised  by  its  inventor. 

The  question  of  greater  consequence  is,  however,  the  the 
action  of  the  lymph.  In  this  regard,  Koch  teaches  us  th 
amounts  of  the  lymph  are  capable  of  killing  tubercular  guii 
while,  by  diminishing  the  doses,  it  is  possible  to  cause  i 
followed  by  a  notable  amelioration.  Are  the  guinea-pigs  cui 
ever?  How  long  do  they  survive?  What  happens  as  a 
these  injections?  May  not  these  injections  cause  grave  ani 
supervening  accidents,  as  the  experiments  of  Maffucci  tend 
These  are  questions  requiring  ans^'ers.  Such  information 
pensable  before  the  application  to  man  of  a  remedy  so  ac 
so  dangerous. 

According  to  Koch,  the  lymph  is  to  be  used  for  therape' 
poses  in  the  following  manner :  In  cases  of  pulmonarj'  tub 
very  small  doses  should  be  injected  at  first;  in  fortunate  caJ 
ioration  is  rapidly  produced.  Cough  diminishes,  the  expet 
assumes  a  mucous  character,  the  general  state  is  impro 
bacilli  decrease  and  finally  disappear.  This  result  may  be 
in  four  or  six  weeks,  at  least,  in  patients  suffering  from  Uie  f 
of  the  disease.  According  to  Koch,  such  patients  can  cerl 
cured.  Even,  however,  when  the  disease  has  reached  the 
excaviition  and  the  lung  is  invaded  by  innumerable  pyoj 
crolx's,  the  treatment  may  stili  produce  some  amelioration 

Hy  studying  more  closely  the  modifications  occurring  in  ti 
foci  it  may  be  seen  that  the  lymph  acts  upon  the  tissues, 
the  hitter  be  yet  living  and  impregnated  with  toxin.  The  I: 
not  reached  and  are  simply  rejected  with  the  neigliborii 
lie  that  a.'!  it  may,  the  chief  action  of  the  lymph  is  upon  tl 
surroumling  the  tubercles,  and  the  mechanism  of  this  ac 
demonstrated  by  Bouchard's  exixriments.  This  author  fo 
tuberculin  acts  by  exciting  the  vasodilator  centre.  If  the  f 
the  eye  of  the  rabbit,  into  which  this  substance  has  Ixfn 
is  (■xaniin<Hl  an  active  dilatation  of  the  vessels  is  observed  |1 
name  ecta-sin.  given  by  Houchard  to  the  lymph).  This  d 
persisit.^  for  .several  hours.  If,  however,  a  vasoconstrictor  s 
or  (iiHvtiisii)  (for  example,  the  sterilized  culture  of  the  haci 
cyaneu;^)  be  injected  into  a  rabbit  tluis  prepared  the  papilla 
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anemic;  then,  at  the  end  of  half  an  hour,  the  action  of  the  anectasin 
liaying  ceased,  that  of  ectasin  is  again  manifested  and  the  vessels 
dilate.  The  same  phenomena  occur  around  those  tubercular  foci 
irhich,  in  consequence  of  the  vasomotor  dilatation,  are  the  seat  of  a 
profuse  exudation  of  serosity  and  of  an  active  diapedesis  (Kromeyer, 
Comil).  The  neoplastic  tissue  resists,  or  it  is  secondarily  affected 
(coagulation  necrosis,  suppuration,  fatty  degeneration)  and  may  be 
diminated.  In  the  case  of  an  ulceration  occupying  a  mucous  mem- 
brane, it  becomes  transformed  into  a  simple  wound  and  covered  with 
\\  granulations  of  a  benign  nature  (Jiirgens).  Moreover,  Koch  has 
\  remarked  that  successive  injections  arouse  less  and  less  violent  reac- 
^  tions.  In  his  opinion  this  result  is  not  due  to  the  formation  of  habit, 
but  to  the  progressive  disappearance  of  diseased  tissues.  When  all 
the  neoplasms  are  eliminated,  reaction  becomes  similar  to  that  which 
i  is  presented  by  a  healthy  individual.  Let  us  note,  however,  that  in 
certidn  cases  the  sensitiveness  of  the  patient  increases  with  each  new 
inoculation.  In  other  instances,  habit  is  established  long  before  the 
dimination  of  the  diseased  parts. 

Before  considering  the  results  obtained  by  various  physicians  who 
have  experimented  with  tuberculin,  we  must  briefly  indicate  the 
principal  dangers  to  which  this  medicine  exposes  the  subjects. 

These  dangers  are  at  times  dependent  upon  a  general  intoxication; 
*t  times  upon  a  too  intense  local  reaction.    Thus,  as  regards  the 
respiratory  apparatus,  pulmonary  edema  and  edema  of  the  glottis 
(which  has  in  some  cases  proved  fatal  by  suffocation),  hemoptysis, 
pleural  effusions,  and  bronchopneumonias  have  been  observed.    In 
other  cases  auscultation  has  revealed  an  aggravation  of  the  physical 
signs  cormected  with  the  pulmonary  lesions,  which  have  sometimes 
caused  death.   Virchow  has  dwelt  upon  these  lesions,  which  he  desig- 
nated as  "injection  pneumonia,"  and  which  consist  essentially  of  a 
phl^monous  process  which  causes  rapid  destruction  resulting  in  pul- 
monary excavations.     C!oincidently,  new  small  tubercles  appear, 
which  are  due  to  a  ''mobilization''  of  the  bacilli.    A  more  or  less 
torpid  tuberculosis  may  thus  rapidly  terminate  by  generalization  of 
the  infection  and  development  of  an  acute  miliary  tuberculosis. 
Experimenters  who  have  studied  the  action  of  therapeutic  doses  of 
the  Ijrmph  in  tubercular  guinea-pigs  have  often  observed  similar 
effects.    In  this  connection,  nothing  is  more  instructive  than  the 
researches  of  Arloing  and  his  collaborators.    The  lymph  hastened 
generalization,  and  at  times  it  caused  this  condition  in  animals 


in  twenty-four  hours  he  voided  50  ccm.  of  urine 
color,  which  was  transformed  into  a  solid  mass  bi 
nitric  acid.  In  children  suffering  from  tubercula 
use  of  the  lymph  gave  rise  to  acute  edema  of  the 
hastened  the  fatal  termination.  Lastly,  under  the 
medicine,  intestinal  ulcerations  have  been  seen  t< 
tion. 

Among  the  manifestations  ascribable  to  a  gem 
some  are  devoid  of  gravity.  Such  are  various  er 
to^,  albuminuria,  urobilinuria  (Cavallero),  and  pei 
symptom  is  surely  due  to  the  medicine  itself,  s 
observed  in  healthy  individuals  (Kahler),  or  in 
(Bouchard).  In  other  cases  the  phenomena  are  mo 
si  tor  y  delirium  or  even  permanent  psychoses  occur 
pectoris,  loss  of  consciousness,  coma,  and,  finally,  a  tei 
collapse  with  cyanosis,  cold  extremities,  weak  an 
may  supervene.  Even  permanent  lesions  of  the  e 
occur  (Hallopeau). 

The  remedy  is  well  borne  only  in  those  cases  in  ' 
tions  are  superficial  and  the  mortified  tissues  can  eas 
In  fact,  accidents  are  rarer  when  the  lymph  is  e 
cutaneous  tuberculosis  or  tuberculosis  of  the  cc 
mouth,  and  intestine.  Its  action  on  the  larynx  mi 
fully  watched.    Finally,  as  regards  the  lungs,  it  n 
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Are  the  dangers  accompanying  injection  of  the  lymph  compen- 
ited  by  the  benefits  derived  by  the  patient?  At  present  this  ques- 
ion  can  be  answered  in  a  decisive  manner.  Even  in  external  tuber- 
uloeeSy  amelioration,  when  any  has  occmred,  has  been  mostly  rela- 
ive  and  transitory.  In  cases  of  lupus — i.  e,,  in  instances  in  which 
h  best  results  are  obtained — only  the  superficial  nodules  are  elim- 
nftted;  the  deep-seated  ones  persist,  and  the  patients  soon  cease 
to  present  any  more  reaction  at  the  diseased  point,  even  when 
loses  of  0.08  c.cm.  are  employed.  In  this  connection,  nothing  is  as 
ostractive  as  the  perusal  of  the  report  prepared  by  Dr.  Besnier 
n  the  name  of  the  St.  Louis  Hospital  Conunission.  It  regards  the 
treatment  of  thirty-eight  cases  of  lupus.  Improvement  frequently 
)cciirred,  especially  in  the  open  forms  of  the  disease,  but  this  im- 
provement was  not  permanent,  and  the  affection  resumed  its  course. 
hX  times  it  was  aggravated.  Thus,  even  in  cases  of  attenuated  tuber- 
wlofles,  Koch's  treatment  is  often  inefficient.  In  other  cases  it  may 
prove  dangerous.  The  use  of  the  lymph  was  therefore  gradually 
ibandoned. 

It  would,  however,  be  unjust  to  wholly  condemn  the  method. 
Although  tuberculin,  taken  as  a  whole,  is  more  harmful  than  other- 
^,  it  may  be  hoped  that  it  will  some  day  be  possible  to  separate 
the  curative  substances  contained  in  it.  This  is  what  Koch,  with  the 
Msistance  of  Proskauer  and  Brieger,  has  attempted.  The  substance 
i^hich  he  obtained,  however,  produces  the  same  dangerous  effects  as 
the  raw  tuberculin,  and  is  no  more  to  be  recommended  than  the 
'ormer.  W.  Hunter  amiounced  in  the  London  Congress  of  1895  that 
^had  isolated  from  tuberculin  three  active  substances:  the  first 
Wte,  of  an  albuminoid  nature,  is  hyperthermizing ;  the  other  two  are 
Ibumoses,  one  of  which  possesses  a  phlogogenic  power,  the  other 
xerts  a  curative  action.  Klebs,  Kuhne,  and  Rohmer  have  pur- 
led similar  researches. 

In  a  more  recent  communication  Koch  indicated  a  new  prepara- 
)n  of  tuberculin :  The  desiccated  bacilli  are  triturated  in  an  agate 
Mtar  with  a  pestle  of  the  same  substance.  The  magma  is  taken 
th  a  little  water  and  is  centrifuged  for  thirty  to  thirty-five  minutes. 
le  fluid  obtained  is  tuberculin  0,  which  is  analogous  to  the  old  raw 
berculin.  It  possesses  no  therapeutic  properties.  The  residue  is 
en  taken,  dried,  and  again  triturated,  and,  after  having  added  water 
it,  is  again  centrifuged.  When  this  operation  has  been  repeated 
versl  times  almost  all  the  precipitate  is  exhausted  and  a  series  of 


dangerous,*  Jud^g,  however,  by  the  small  Dum) 
far  published,  it  does  not  seem  that  we  as  yet  pa 
remedy  of  tuberculosis, 

Halleln.  The  discovery  of  tuberculin  led  bactei 
for  analogous  substances  in  other  cultures.  Thi 
Kalning  prepared  a  substance,  mallein.  This  produ 
used  for  any  other  than  diagnostic  purposes.  Accoi 
and  Vivaldi,  even  minute  doses  cause  death  in  cal 
glanders,  while  they  produce  amelioration  in  guin 
and  man.  As  to  the  horse,  numerous  experiments 
strate  that  mallein  may  favor  cicatrization  and  at  ti 
a  recovery,  at  least  when  the  lesions  are  recent  anc 

A  last  attempt  was  made  with  reference  to  ty] 
Fraenkel  treated  patients  with  sterilized  cultures  of  I 
The  first  effect  is  a  rise  in  the  temperature,  followe 
temporary  fall.  The  statistics  published  by  the  at 
encouraging. 

Senuntheni^. 

The  discovery  of  serumtherapy,  the  way  to  whic 
by  the  researches  on  the  germicidal  properties  of  1 
organism  and  by  the  efforts  of  experimental  ther; 
Drs.  Richet  and  H^ricourt,  belongs,  as  is  known, 
Kitasato.    Having  recognized  that  the  serum  of  ani 
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erumtherapy.  The  aim  of  the  former  method  is  to  act  with  the 
products  secreted  by  microbes,  that  of  the  second  is  to  discover  in 
Uie  blood  not  what  remains  of  the  toxins  introduced,  but  the  prin- 
ciples which  are  developed  under  its  influence.  Serumtherapy 
employs  materials  elaborated  by  the  organism  itself  in  its  defense 
against  infection.  It  is  therapeutic  and  vaccmating  alike,  but  the 
immunity  which  it  confers  is  a  passive  immunity.  The  organism 
takes  no  part  in  its  production;  it  makes  no  effort;  it  simply  allows 
itself  to  be  impregnated  by  the  substances  introduced.  On  the  other 
hand,  bacteriotherapy  is  oftener  preventive  than  curative.  It  pro- 
duces immunity,  but  by  means  of  an  altogether  different  mechanism. 
It  is  a  process  of  active  immunity  dependent  upon  an  effort  of  the 
organism. 

Ohoice  of  the  Animal.  It  was  formerly  believed  that  the  more 
Bcnsitive  the  organism  was  to  the  disease  the  better  it  reacted.  This 
idea  led  authors  to  vaccinate  the  most  susceptible  animals.  At  pres- 
ent it  seems  to  be  demonstrated  that,  although  the  law  is  real,  it  is 
subject  to  numerous  exceptions  and  that  it  is  possible  to  confer  active 
immunity  whether  the  animals  are  naturally  refractory  or  not.  We 
have  proof  of  this  in  what  occurs  in  diphtheria.  Behring  believed 
tbat  an  animal  sensitive  to  the  virus  should  be  employed,  and  he 
experimented  upon  sheep.  Roux  has  shown  that  the  horse,  which 
B  only  slightly  susceptible  to  diphtheria,  gives  just  as  efficacious  a 
Jerum.  The  same  is  true  of  tetanus ;  Roux  and  Vaillard  have  demon- 
strated that  the  chicken,  which  does  not  contract  this  infection,  fur- 
ies a  therapeutic  serum  when  large  amounts  of  toxins  are  injected 
nto  it. 

It  is  not  so  much  the  degree  of  sensitiveness  or  natural  resistance 
rf  the  animal  as  the  possibility  of  easily  obtaining  large  quantities 
rf  blood  and  a  serum  devoid  of  toxic  properties  that  must  guide  us 
^  our  choice.  In  fact,  it  is  known  that  transfusion  between  indi- 
viduals of  different  species  is  not  always  inoffensive.  Experimenta- 
ion  cannot,  however,  furnish  decisive  data  to  therapeutics,  for  the 
oxicity  of  the  serum  of  a  given  species  varies  considerably,  according 
^  the  species  into  which  it  is  injected.  It  is,  therefore,  impossible 
^  know  with  sufficient  accuracy  what  its  effect  would  be  in  man. 
'Cvertheless,  it  is  interesting  to  look  for  the  solution  of  the  problem 
^animals. 

By  making  intravenous  injections  of  various  serums  into  rabbits, 
ie  following  results  have  been  obtained : 
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Animal  Fumiahing  the  Serum.  Fatal  Doae  for  One  KQof/rom  of  BobM. 

Cattle 8  c.cm.  (Rummo  and  Bordooi). 

Sheep 12  c.cm.  (Rummo  and  Bordooi). 

Calf 13  c.cm.  (Rummo  and  Bordooi). 

Man 15  c.cm.  (Mairet  and  Boac). 

Chicken 20  c.cm.  (Rummo  and  Bordoni). 

Honse 80  c.cm.  (Zagari). 

Clinical  facts  seem  to  be  in  harmony  with  the  data  of  experimen- 
tation for  establishing  that  the  serum  of  the  dog  is  not  well  borne, 
while  that  of  the  horse  is  excellent,  and  may  be  employed  in  large 
doses.  The  serum  of  the  cow,  which  is  very  toxic  for  the  rabbit,  ii 
very  slightly  so  for  man.  In  the  treatment  of  variola  Dr.  Beclin 
injected  as  much  as  1560  c.cm.  without  giving  rise  to  any  disturbance 
Finally,  it  is  certain  that  the  serum  of  man  would  be  the  best  fron 
this  standpoint.  It  will  be  shown  later  on  that  it  has  been  employee 
in  therapeutics  in  exceptional  cases. 

Vaccination  of  Animals.  The  animal  being  chosen,  the  reactioDi 
of  its  organism  must  be  called  into  play  in  order  to  increase  iti 
resistance.    This  may  be  realized  by  three  methcxls: 

1.  Inoculation  of  living  microbes. 

2.  Injection  of  toxins  produced  in  artificial  cultures. 

3.  Injection  of  toxins  derived  from  the  diseased  organism. 
The  first  procedure  exposes  to  certain  accidents.    After  injectioi 

of  living  cultures  into  animals  the  microbes  may  persist  in  the  blood 
even  whc^n  the  subject  seems  to  have  recovered.  For  instance,  th 
antistrei)tococcic  serum  derived  from  animals  prepared  by  means  c 
living  cultures  has  sometimes  caused  phlegmonous  erysipelas,  b( 
cause  it  still  contained  streptococci  which  were  undoubtedly  attei 
uated,  but  nevertheless  capable  of  producing  local  lesions. 

Of  course,  this  danger  may  be  avoided  by  employing  sterilized  cu 
tures,  niodified  or  not  by  physical  or  chemical  agents.  There  is  i 
(loul)t  that  immunity  thus  created  is  much  less  durable  than  wh< 
it  results  from  virulent  inoculations.  However,  it  then  suffices 
rei)eat  the  injections  of  toxins  for  maintaining  or  increasing  t! 
properties  of  the  serum,  for  it  is  to  be  noted  in  this  connection  th 
repeated  injections  of  small  doses  are  more  eflicient  than  the  intr 

l|  duction  of  a  single,  even  though  greater,  amount  (Roux  and  Mete 

'*  nikoff). 

The  animals  vaccinated  bv  means  of  soluble  substances  ha^ 
already  been  employed  for  the  preparation  of  a  great  number  ( 
1 !  i  serums.    It  is  quite  evident  that  serums  may  be  obtained  agains 
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I  the  known  pathogenic  agents,  on  condition,  however,  that  a 
cthod  of  vaccination  can  be  found.  For  example,  the  reason 
;tempt8  failed  in  tuberculosis  is  that  it  has  not  yet  been  possible 
» confer  upon  animals  a  genuine  immunity  against  this  infection. 
The  serumtherapy  method  may  be  employed  even  when  the  path- 
genie  agent  has  not  been  isolated.  Under  these  conditions,  use  may 
B  made  according  to  the  requirements  of  the  case  of  one  of  the 
blowing  procedures : 

The  serum  from  animals  vaccinated  by  means  of  more  or  less  modi- 
ed  virulent  tissue.  This  is  done,  for  instance,  in  regard  to  hydro- 
hobia. 

The  blood  obtained  after  the  cure  of  the  disease,  whether  the  latter 
B  spontaneous  or  inoculated.  For  diseases  which  are  not  transmis- 
ble  to  animals,  man  is  experimented  upon.  After  his  recovery 
lood  is  taken  from  him  which  is  employed  for  reinforcing  the  resist- 
K5e  of  patients.  This  has  been  done  notably  in  typhus  fever,  scar- 
tina,  and  rheumatism. 

Lastly,  in  the  case  of  a  non-inoculable  disease,  fluids  or  extracts 
tissues  may  be  taken  and  injected  into  animals  so  as  to  arouse 
tctions  on  the  part' of  the  organism.  This  method,  which  is  highly 
'ional,  has  not  yet  received  many  applications. 
tt  is  likewise  possible  to  employ  extracts  taken  from  organs  in 
ich  the  toxic  substances  accumulate  or  are  produced.  Drs.  Heri- 
irt  and  Richet  have  resorted  to  this  procedure  to  prepare  an  anti- 
>plastic  serum. 

rhese  various  procedures  render  the  serum  efficacious  because  they 
rease  the  resistance  of  the  animal.  This  is  demonstrated  when 
I  disease  is  inoculable,  and  this  is  assumed  to  be  true  when  the 
ease  is  not  inoculable. 

Phis  brief  exposition  suffices  to  show  how  numerous  are  the 
Bible  applications  of  serumtherapy.  There  is  hardly  a  disease 
Linst  which  a  serum  cannot  be  prepared.  Theoretically,  the  prob- 
18  are  easily  solved  while,  as  we  shall  see  later,  practical  applica- 
18  have  not  completely  realized  the  hopes  which  were  aroused  by 
oratory  researches.  The  more  we  study  the  question  the  greater 
find  the  difficulties  to  be  overcome. 

raiions  Organic  Fluids  Employed  in  Therapeutics.  Therapeutic 
ion  being  dependent  upon  soluble  substances,  serum  as  well  as 
ibrinated  blood  may  be  used  indifferently.  As  the  latter  product 
ttore  difficult  of  manipulation,  the  former  is  generally  resorted  to. 
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Delbet,  however,  has  thought  it  advantageous  to  utilize  the  total  blood 
just  as  it  is  obtained,  when  coagulation  is  prevented  by  means  of  an 
oxalate  which  precipitates  the  calcium  salts.  Nothing  is  easier  than 
the  preparation  of  serums.  Two  or  three  quarts  (litres)  of  blood  an 
taken  from  the  jugular  of  a  horse.  The  clot  that  forms  is  very  solid 
and  the  serum  has  a  fine  yellow  amber  color.  It  is  kept  in  steriliac 
small  vials,  containing  a  few  drops  of  some  antiseptic  oil  or  a  littl 
sublimated  camphor.  One  of  the  inconveniences  of  the  method  i 
that  successive  blood-letting,  especially  when  repeated  at  short  inter 
vals,  often  weakens  the  therapeutic  action  of  the  serum.  This  w 
have  shown  to  be  true  at  least  as  regards  the  antistreptococcic  serum 
and  Marchoux  has  made  the  same  observation.  It  has,  therefore 
been  believed  that  it  was  possible  to  replace  the  blood  by  a  fluii 
more  easily  procurable — milk,  for  example.     The  experiments  o 

,  Brieger,  Ehrlich,  and  Ketscher  have  established  that  this  fluid  pos 

sesses  therapeutic  properties,  but  it  is  ten  times  less  active  thai 
serum,  hence  it  cannot  be  used  except  when  it  is  previously  conceD 
trated. 

The  curative  fluid  is  generally  introduced  beneath  the  skin.  Intra 
venous  injection  is  employed  only  in  laboratories.  Introduction  b; 
the  digestive  canal  does  not  seem  highly  reliable.    Elirlich  demon 

J  strated  that  the  therapeutic  substances  present  in  the  milk  ma; 

impregnate  the  organisms  of  the  young  who  ingest  it,  but  this  reid 

'"  is  observed  only  in  nursing  animals.    In  fact,  Ketscher  has  shvc. 

\  that  the  milk  of  goats  immunized  against  cholera  is  curative  whe 

injected  beneath  the  skin,  but  produces  no  effect  when  it  is  ingesiec 
The  active  substance  seems  to  be  destroyed  by  the  pepsin  and  par 
croatic  juice  during  digestion.    When  it  is  desired  to  introiluce  th 

*  serum  by  the  alimentary  canal  it  should,  according  to  the  ad^^ce^ 

Dr.  Chantcmesse,  be  given  in  the  form  of  enemata. 

I  It  is  not  necessary  to  dwell  upon  the  rules  of  subcutaneous  injei 

tions  of  serum.  Except  in  certain  special  cases,  the  injection  ma 
be  made  into  any  part  of  the  body.  When,  however,  considerab 
quantities  are  to  be  introduced,  it  is  advisable  to  operate  upon  il 

*  abdominal  region.    Here  the  fluid  is  better  tolerated  and  most  rapiJl 
!  absorbed.    The  dose  to  be  injected  varies  evidently  according  to  tl 

gravity  of  the  case  and  the  activity  of  the  serum.    The  former  facte 

\"-  can  be  appreciated  by  clinical  observation  alone;  the  latter  may! 

*;  determined  with  accuracy.    Hence,  from  the  very  begiiming  of  h 

'i  \  researches,  Behring  endeavored  to  determine  an  exact  measure  f( 
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he  activity  of  serum.  He  first  took  as  a  unit  the  quantity  of  serum 
rhich  insured  against  the  smallest  fatal  dose  of  the  toxin.  He  soon 
dopted,  however,  the  method  proposed  by  Ehrlich.  This  is  prac- 
ifled  in  the  following  manner :  The  minimum  fatal  dose  as  regards 
he  guinea-pig  is  determined,  and  then  an  amount  of  toxins  equiva- 
snt  to  ten  fatal  doses  is  employed.  This  amount  of  toxin  is  called 
rj  Behring  the  toxin  unit.  This  unit  is  then  mixed  with  serum,  and 
he  whole  is  injected  beneath  the  skin  of  guinea-pigs.  Normal  anti- 
oxm  is  of  such  strength  that  0.1  c.cm.  neutralizes  the  toxin  unit — 
.  6.,  ten  times  the  fatal  dose.  Behring  called  an  antitoxin  unit  the 
mount  of  antitoxin  contained  in  1  c.cm.,  and,  consequently,  capable 
i  neutralizing  ten  toxin  units  or  one  hundred  times  the  fatal  dose. 
Ifhen  it  is  said  that  a  serum  has  the  value  of  ten  units  this  means 
hat  1  c.cm.  neutralizes  one  hundred  toxin  units  or  one  thousand  fatal 
loses,  or  that  the  toxin  unit  is  neutralized  by  0.01  c.cm.  A  serum 
iiesenting  one  hundred  units  is  of  such  potency  that  1  c.cm.  neu- 
rafizes  one  thousand  toxin  units  or  ten  thousand  fatal  doses,  and  so 
«i.  This  nomenclature  is  generally  employed,  except  in  the  Pasteur 
Mtitute,  where  the  preventive  power  and  not  the  antitoxic  action 
5  determined.  The  animal  which  is  to  serve  for  the  determination 
eceives  the  serum,  and  the  following  day  the  minimum  fatal  dose 
J  inoculated  into  it.  The  unit  is  the  number  of  grams  which  1  c.cm. 
'f  serum  is  capable  of  protecting.  If,  for  example,  a  guinea-pig 
weighing  400  grams  is  preserved  by  0.008  c.cm.  of  serum,  0.02  c.cm. 
^ould  be  required  for  1000  grams.  Therefore,  1  c.cm.  would  preserve 
0,000  grams  of  the  animal.  Hence,  it  is  said  that  the  serum  has 
^  power  of  50,000.  Such  is  the  unit  of  serum  furnished  by  the 
'asteur  Institute.  This  method  is  not  without  advantage,  but  it 
lesents  a  great  inconvenience,  for  in  employing  the  smallest  fatal 
)fle  one  may,  perchance,  experiment  upon  an  animal  endowed  with 
certain  resistance,  and  attribute  to  the  serum  what  is  really  due  to 
B  particular  state  of  the  animal.  This  source  of  error  is  avoided 
len  the  experiment  is  made  with  an  amount  of  toxin  ten  times 
ger  than  the  minimum  fatal  dose. 

rhe  method  of  mixture  is  applicable  not  only  to  toxi-infectious 
eases,  such  as  diphtheria  and  tetanus,  but  it  may  also  be  used  to 
lermine  the  action  of  a  serum  upon  a  living  culture.  It  is  well  to 
»,  however,  that  in  the  latter  case  the  results  are  very  different, 
^rding  as  a  mixture  of  serum  and  microbes  is  injected  or  according 
the  serum  and  the  culture  are  introduced  at  two  different  points 
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or  successively  at  one  and  the  same  point.    The  curative  action  ii 
far  more  marked  when  the  serum  and  microbes  come  in  contAct. 

Various  Applications  of  Semmtherapy.  The  works  to  wbidi 
the  semmtherapy  method  has  given  rise  are  so  numerous  that  it  is 
impossible  to  present  here  a  complete  smnmary  of  them.^  The  & 
eases  which  may  be  treated  by  this  method  are  divided  into  two 
groups  according  as  the  pathogenic  agent  is  or  is  not  known  and 
cultivable. 

The  following  is  a  list  of  infectious  diseases  for  the  treatment  of 
which  semmtherapy  has  been  practised: 

Anthrax.  Measles. 

Cholera.  Scarlatina. 

Ck>lon  bacillosis.  StaphylococcosU. 

Diphtheria.  Streptococcosis. 

Leprosy.  Syphilis. 

Glanders.  Tetanus. 

Bubonic  plague.  Tuberculosis. 

Pneumococcosis.  Typhoid  fever. 

ProteobaciUosb.  Typhus  fe\'er. 

PyocyanobaciUosis.  Recurrent  typhus. 

Hydrophobia.  Vaccinia  and  variola. 
RheiunatiBm. 

If  we  wish  to  make  a  complete  study  of  serumtherapy  we  should 
add  the  diseases  peculiar  to  animals,  such  as  symptomatic  anthrax, 
certain  hemorrhagic  septicemias,  the  disease  of  dogs,  murr,  and  in- 
toxications,  notably  poisonings  by  toxalbumins  and  venoms. 

Cholera.  Cliolera  has  been  the  subject  of  important  serum- 
therapic  experiments,  and  the  results  obtained,  besides  their  theo- 
retic interest,  seem  to  be  of  such  a  character  as  to  lead  us  to  hope 
that  they  will  be  applied  to  human  therapeutics  in  the  near  future. 

In  1892  Lazarus  showed  that  a  decigram  of  the  serum  of  indi- 
viduals cured  of  cholera  is  capable  of  protecting  the  guinea-pig 
against  an  intraperitoneal  inoculation  of  cholera  vibrios.  This 
result,  confirmed  by  various  experimenters,  was  highly  important. 
It  was  objected,  however,  that  the  serum  of  normal  men  and  animals 
often  possesses  immunizing  and  curative  properties.  The  result 
being  uncertain,  it  was  necessary  to  investigate  what  occurs  as  a 
result  of  vaccination.  As  early  as  1890  Zasslein  demonstrated 
that,   under   these   conditions,   the  serum   acquires   very  marked 

^  A  complete  description  of  serumtherapy  and  the  principal  bibliographical  indications 
may  bo  found  in  the  report  which  the  author  presented  to  the  Congres  frangai*  ^ 
m6decine :  Des  applications  des  serums  sanguins  au  traitcment  dos  maladies.  Nancy, 
August  6,  1896.     Consult  also:  Landouey,  Les  Serotherapies.     Paris,  1898. 
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micidal  properties,  and,  a  few  years  later,  Pawlowski  and  Buch- 
b, taking  blood  from  vaccinated  rabbits  and  guinea-pigs,  succeeded 
conferring  immunity  upon  animals  of  the  same  species.  These 
ults  were  confirmed  by  Pfeiffer  and  Issaeff,  and  became  the  point 
departure  for  a  series  of  very  important  researches.  Starting 
Da  the  principle  that  the  cholera  toxin  is  contained  in  the  vibrios 
i  is  not  liberated  imtil  after  the  latter  are  disint^rated,  Pfeiffer 
3  led  to  inmiunize  animals  by  injecting  into  them  cultures  steril- 
i  by  heat  or  chloroform  vapor  or  by  inoculating  into  them  pro- 
ssive  doses  of  living  vibrios.  By  these  procedures  he  succeeded 
obtaining  a  serum  of  extraordinary  efficiency,  but  one  which 
8  not  act  except  against  vibrionic  peritonitis.  It  fails  when  it 
pplied  to  animali^  inoculated  by  way  of  the  intestine.  The  result 
ch,  from  a  theoretical  standpoint,  was  of  considerable  impor- 
ce,  did  not  lead  to  any  practical  apphcation.  It  was,  therefore, 
Bssary  to  take  up  the  question  under  inspiration  of  the  principles 
ch  had  guided  Behring.  This  was  done  by  his  disciple  Ramson. 
ipeaking  of  the  mechanism  of  immunity,  we  have  already  referred 
564)  to  the  result  obtained  by  this  author  with  an  antitoxic 
im  quite  different  from  the  antibacterial  serum  obtained  by 
iffer. 

letchnikoff,  Roux  and  Taurelli-Salimbeni  have  prepared  a  very 
ive  antitoxic  serum;  54  per  cent,  of  the  animals  treated  with  this 
d  survived,  and  16  per  cent,  of  the  controls, 
liese  highly  interesting  results  thus  open  the  field  for  therapeutic 
plication.  Of  course,  the  phenomena  are  always  more  complex 
nan,  in  whom  we  must  take  cognizance  of  microbic  associations 
ch  seem  to  play  such  a  considerable  r61e  in  the  pathogenesis 
iholera.  It  must  also  be  demonstrated  that  the  serum  obtained 
vaccinating  an  animal  against  one  vibrio  acts  upon  all  varieties 
he  colon  bacillus.  Even  leaving  aside  the  vibrios,  which  seem 
epresent  species  or  at  least  fixed  races,  like  the  bacillus  of  Finkler- 
fr  and  the  avicidal  vibrio  of  Gamaleia,  it  is  known  that,  in 
!ous  cholera  epidemics,  quite  different  microbes  have  been  found, 
h,  for  instance,  are  the  bacilli  of  Massouah,  Ghinda,  and  Ham- 
rg.  On  the  other  hand,  Pfeiffer  has  shown  that  the  serum  of 
suiimal  immunized  against  one  variety  of  microbe  does  not  act 
n  the  others.  This  fact  is  so  constant  that  the  author  considers 
means  of  diagnosticating  different  bacilli.  It  is  true  that  these 
Its,  which,  have  not  been  completely  confirmed  by  Sanarelli, 
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have  been  obt^ned  in  studying  vibrional  peritonitis  and  the  smii 
which  acts  upon  the  iigurate  element.  The  toxin  is  probably  aln; 
the  same,  and  the  antitoxic  serum  may  succeed  in  all  cases.  Th 
question  is  worthy  of  study. 

Even  before  the  recent  researches  on  antitoxins,  a  few  attemp 
were  made  upon  man.  During  the  epidemic  of  Hamburg,  Freyinoui 
investigated  the  effects  produced  by  the  serum  of  convalesceol 
Having  learned  that  half  a  cubic  centimetre  injected  into  the  pa 
toneum  of  a  guinea-pig  protects  it  against  an  inoculation  of  foi 
fifths  of  a  cubic  centimetre  of  virulent  culture,  he  practised  injt 
tions  upon  three  patients.  The  first  one  who  had  been  attacked  f 
forty-eight  hours  received  successively  10,  30,  and  50  c.cm,  a  dJ 
The  patient  at  first  seemed  to  feel  better,  bul;  on  the  fifth  day 
grew  worse,  and  death  occurred  on  the  sixth  day.  The  smu 
patient  recovered  after  an  injection  of  30  ccm,  on  the  third  df 
On  the  sixth  day,  however,  he  still  had  vomiting  and  rhinfoi 
diarrhea.  The  third  case  was  that  of  a  woman  suffering  from 
slight  attack.  Her  symptoms  rapidly  improved  after  an  injecti 
of  20  c.cm.  These  observations  are  too  few  in  number  to  waira 
a  conclusion.  At  any  rate,  the  method  which  consists  in  injecti 
the  blood  of  convalescents  cannot  have  a  great  future.  Antichole 
serum  must  have  an  animal  origin,  and  recent  experiments  m 
choleric  antitoxins  seem  to  have  greatly  advanced  the  quesiic 
Tlic  experimental  study  is  nearly  completed;  clinical  obser^'nti 
must  decide  the  problem. 

Oolon  Bacillus.  As  the  colon  bacillus  constantly  secretes  toJ 
substances  in  the  intestine,  it  is  jjlain  tliat  a  series  of  reactiona 
phenomena  terminating  in  the  production  of  antitoxins  must  occ 
within  the  organism.  Tliis  is  precisely  what  takes  place.  Tlie  seru 
of  normal  individuals  may  neutralize  doses  of  B.  coli  ten  tini 
larger  tlian  those  which  are  usually  fatal.  Thus  we  recogQiic 
first  spontaneous  effort  towaril  immunization.  It  suggested  t 
next  step,  which  consists  in  increasing  the  resistance  of  the  orgjnif 
by  the  usual  procedure.*.  Cesaris,  Demel  and  Orlandi,  Salvaiiai 
Gaetano  demonstrated  that  the  soluble  products  of  the  cd- 
bacillus  are  ca])able  of  conferring  inmiunity  u])on  aniniak  ai 
imparting  therapeutic  characters  to  their  sera. 

Drs.  Albarran  antl  Mosny,  having  vaccinated  aiiiuials  by  alli" 
native  injections  of  filtrates  of  the  organs  of  annuals  dcaJ  froi 
colon  baciJlosis  and  of  living  cultures,  obtained  a  serum  wiiich,  i 
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kses  of  0.05  c.cm.,  immunized  the  guinea-pig  against  a  virulent 
inoculation  practised  twenty-four  hours  later;  0.25  c.cm.  sufficed 
k)  protect  against  an  amount  twenty  times  larger  than  the  fatal 
doee.  By  studying  the  serum  according  to  the  method  of  mixture, 
it  may  be  seen  that  one  drop  neutralizes  the  fatal  dose.  Finally, 
2  ccm.  injected  two  hours  after  inoculation  of  an  amount  of  culture 
equal  to  double  the  fatal  dose  saved  the  animals. 

These  results  are  sufficiently  encouraging  to  warrant  practical 
applications,  notably  in  urinary  infections,  which  Drs.  Albarran  and 
Momy  had  particularly  in  view.  It  is  more  difficult  to  employ  the 
serum  under  other  circumstances,  since  it  is  not  always  possible  to 
determine  during  the  life  of  animals  whether  the  symptoms  are  due 
to  the  colon  bacillus  or  not.  The  serum  cannot,  therefore,  be  utilized 
except  in  certain  surgical  cases. 

The  close  analogy  existing  between  the  colon  bacillus  and  the 
bacillus  of  Eberth  have  led  some  experimenters  to  investigate  whether 
the  serum  which  antagonizes  colon  bacillary  infection  can  likewise 
combat  typhoid  fever.  Sanarelli  demonstrated  the  mutual  immuni- 
lation  by  the  two  bacilli.  C.  Demel  and  Orlandi  recognized  that  the 
srnun  of  animals  vaccinated  against  the  colon  bacillus  prevents 
experimental  typhoid  infection.  They  have  even  made  attempts  on 
num  and  obtained  improvement  by  treating  typhoid  cases  with  this 
sarum. 

In  spite  of  their  interest,  these  results  should  not  be  considered 
«fi  proving  that  the  anticolon  bacillus  serum  is  the  specific  of  typhoid 
fever.  Loeffler  and  Abel  proved  that,  although  the  anticolon  bacillus 
«erum  acts  upon  typhoid  infection  and  the  antityphoid  serimi  acts 
upon  colon  bacillus  infection,  each  of  the  sera  is  especially  active 
^en  employed  in  the  treatment  of  the  disease  against  which  the 
Animal  furnishing  the  serum  has  been  previously  protected.  Here 
•8  a  question  of  specificity  which,  while  not  absolute,  is  nevertheless 
Uideniable. 

Diphtheria.  The  employment  of  antidiphtheritic  serum  has  com- 
letely  transformed  the  prognosis  of  diphtheria.  All  statistics 
learly  establish  that,  under  the  influence  of  the  new  medication, 
le  death-rate  has  diminished  in  extraordinary  proportions  and  the 
eriod  of  convalescence  considerably  reduced.  Moreover,  the  rapid 
irolution  of  the  disease  has  enabled  the  physician  to  abandon 
•acheotomy  and  to  substitute  intubation  for  this  operation.  It 
ould  be  right  to  devote  the  greatest  part  of  this  chapter  to  the 
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study  of  the  antidiphtheritic  serum.  The  question  is  so  well  known 
to-day,  however,  that  we  shall  be  contented  with  a  summary  of  fte 
most  important  facts. 

Science  is  indebted  to  Behring  for  the  two  discoveries  which  W 
to  the  preparation  of  the  serum.  He  demonstrated  the  certjun 
means  of  immimizing  animals  against  diphtheria,  and  he  subee 
quently  recognized  that  their  sera  became  antitoxic.  On  this  latte 
discovery  antidiphtheritic  senuntherapy  is  founded.  In  humai 
therapeutics  he  employed  the  senun  of  sheep  immunized  by  mean 
of  toxins  attenuated  by  trichloride  of  iodine.  Aronson  used  th 
serum  of  dogs.  He  later  employed  the  serum  of  the  horse.  Rou: 
and  Martin  also  resorted  to  the  horse.  They  added  to  the  tori 
one-tenth  of  its  volume  of  Gram's  fluid,  which  contains  1  grai 
of  iodine,  3  grams  of  potassium  iodide,  and  100  grams  of  wata 
One-fourth  of  a  cubic  centimetre  of  the  mixture  is  first  injected 
and  the  dose  is  progressively  increased.  It  is  thus  possible  at  th 
end  of  three  months  of  treatment  to  reach  a  dose  of  250  c.cm.  c 
the  filtered  culture. 

The  first  therapeutic  applications  to  the  himian  subject  were  mad 
in  1892  in  the  wards  of  Dr.  Henoch,  in  Berlin.  They  were  not  vor 
encouraging.  Two  years  later,  however,  a  new  series  of  contribution 
appeared  which  determined  conclusively  the  value  of  the  seniii 
Khrlicli,  Kossel,  and  Wassermann  first  reported  the  results  of  23 
inoculations  practised  upon  children.  The  death-rate  was  23  p€ 
cent.  In  a  great  number  of  cases  the  serum  employed  was  not  ver 
active.  Trulv  efficacious  serum  had  been  used  onlv  in  92  cases,  ani 
the  death-rate  had  fallen  to  12  per  cent.  About  the  same  tim 
Korte  j)resented  statistics  of  121  cases.  The  death-rate  was  33  pe 
cent.,  while  previous  to  the  use  of  the  serum  it  was  45  per  cent 
Tlie  figures  of  Aronson  are  far  better.  With  his  antitoxin  he  had 
death-rate  of  12  per  cent,  in  a  total  of  255  diphtheritic  children. 

It  would  be  superfluous  to  recall  other  less  important  statistics 
published  in  Germany  about  the  same  period,  indicating  a  notabl 
decrease  in  the  death-rate.    The  results  obtained  in  France  arc  b; 
|l  no  moans  less  favorable.     In  a  very  remarkable  thesis  Bayeux 

'f;  ^  For  all  stjitistics  and  bibliographical  data  relative  to  this  first  perioti.  consult  th< 

.;  urtich^  of  Lt'pirie:     La  serotherapie  de  la  diphtil^rie.     Semaine  m^icale.  ISm,  p  573 

Sf'c  also  tlic  report  presented  by  llaushalter  in  the  Congr&s  de  Xancy,  Aufni>t.  li^^ 
'  Bayeux.     La  <lipht<f'rie  depiiis  Aret^o  le  Cappodocien.     K<^sultats  stati>«tiqun'  '^^ 

2;^0,000  cas.     Th6.se  de  Paris,  1899. 
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lulated  all  the  statistics  and  reached  the  conclusion  that  prior 
Benimtherapy  the  death-rate  in  diphtheria  was  56  per  cent. 
1  had  fallen  to  16  per  cent,  after  the  introduction  of  this 
thod. 

it  is  at  present  generally  agreed  that  a  serum  having  100  imits 
ivery  efficacious  one,  viz.,  that  1  c.cm.  is  sufficient  to  neutralize 
I  toxic  units,  that  is,  1000  fatal  doses.  Such  is  the  strengtli  of 
serum  fiu"iiished  by  the  Institut  Pasteur.  The  Belgian  serum, 
pored  under  the  direction  of  Funck  in  the  laboratory  of 
ipold  Park,  has  a  power  of  200.  In  Germany  the  laboratory 
tfeister,  Lucius,  anil  Briining,  in  Hoechst,  furnishes  three  varieties 
Bera  in  vials  of  10  c.cm,  stamped  by  the  government.  Serum 
,  1  has  a  power  of  60  units  per  c.cm. ;  No,  2  is  equivalent  to 
I  units,  and  No.  3  to  150.  The  contents  of  one  vial,  say  10  c-cm., 
generally  injected,  and  one  of  these  three  varieties  is  employed 
ording  to  certain  more  or  less  clearly  determined  conditions.  On 
one  hand,  the  dose  is  proportioned  to  the  age  and  weight  of  the 
ient:  on  the  other  hand,  serum  No.  1  is  made  use  of  if  the  case 
of  moderate  gravity  and  treated  from  the  beginning.  If  the 
fnx  is  involved  and  if  three  or  four  days  have  already  elapsed, 
n  serum  No,  2  is  resorted  to.  No.  3  is  used  in  cases  of  extreme 
vity.  In  France,  where  one  serum  only  is  employed,  the  dose 
[liminished  or  increased  according  to  the  same  indications  as 
cribed  with  reference  to  the  German  method, 
ii  order  to  appreciate  the  method  it  is  necessary  to  take  into 
ount  a  number  of  factors  depending  upon  the  patient.  In  the 
t  place,  the  age  of  the  subject.  In  children  diphtheria  is  always 
re  serious  than  in  adults,  and  it  is  the  inore  dangerous  the  younger 
child.  From  this  point  of  view  the  latest  German  statistics 
altogether  convincing.  The  death-rate  is  still  ns  high  as  4U 
cent,  in  children  untler  one  year  of  age.  From  one  to  two  years 
ige  it  is  36.6  per  cent.  From  two  to  iive  years  it  varies  from 
to  18  per  cent.  It  is  from  5  to  10  per  cent,  in  children  between 
!  and  fifteen  years  of  age.  It  then  falls  to  2.7  per  cent,  from 
sen  to  tweJity  years  of  age,  and  to  0.8  per  cent,  from  twenty 
thirty  years  of  age.  Tiie  best  results  are  observed  at  this  last- 
ned  epoch  of  hfe.  Beyond  thirty  years  of  age  diphtheria  is  of  rarer 
Urrence,  but  it  is  graver.  Tiie  death-rate  reaches  3.7  per  cent. 
R'een  thirty  and  forty  years  of  age,  anil  to  9.1  per  cent,  after 
T  years  of  age. 


in  those  suffering  from  croup.  There  is,  however, 
condition  for  success,  that  is,  intervention  as  early 
this  point  all  clinical  observers  are  in  accord.  Ii 
the  figures  of  the  German  statistics  are  highly 
death-rate  is  5.4  per  100  when  the  treatment  i 
fu^t  day,  and  6.7  per  cent,  when  it  is  instituted  or 
It  risea  to  10  per  cent,  for  the  third  day  and  to 
the  fifth  day.  Prompt  inter\-ention  has  the  doul 
combating  the  disease  while  the  intoxication  is  aa  > 
and  secondary  infections  have  not  assumed  a  dan, 
and  by  neutraUzing  the  toxin  early  certain  incid 
cence,  such  as  paralysis  are,  perhaps,  prevented. 

In  order  to  benefit  the  patient  as  promptly  af 
effects  of  the  serum,  most  bacteriologists  advise 
soon  as  there  is  the  slightest  doubt  as  to  the  nature 
or  even  as  soon  as  any  exudate  whatever  is  prese; 
time  a  culture  is  prepared  from  the  exudate,  an 
twelve  to  fifteen  hours,  the  bacteriological  di^ni 
nature  of  the  disease.  The  conduct  of  the  physician 
simplified.  These  principles,  however,  cannot  be 
some  reservation.  Here  we  touch  a  delicate  point  i 
given  rise  to  much  controversy.  For  my  part,  I  b( 
cians  neglect  too  nmch  the  examination  of  the 
belief  that  they  are  able  to  establish  a  diagnosi: 
therapeutic  indications  by  means  of  the  data  fiu-n 
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dien  injected  forthwith,  and  a  culture  prepared.  In  other  cases 
le  sore  throat  has  the  aspect  of  an  herpetic  angina.  A  culture  must 
be  made,  and  if  on  the  following  day  Locffler's  bacillus  is  found, 
Ka  injection  may  be  made  if  necessary.  Such  has  been  our  practise 
in  our  wards  reserved  for  adults.  In  the  case  of  children  more 
prompt  action  is  required.  In  fact,  it  is  at  that  epoch  of  life  that 
dipbtheria  is  a  grave  disease.  The  course  of  the  process  must  be 
wrested  from  the  beginning  and  involvement  of  the  larynx  pre- 
■vented.  From  this  standpoint  there  is  a  radical  difference  between 
dipbtheria  of  children  and  that  of  adults.  In  adults,  diphtheria 
is  a  relatively  benign  malady  which  seldom  kills  of  itself  and  which 
is  particularly  dangerous  because  of  renal  compUcations  and  con- 
lecutive  paralysis.  Such  is  not  the  case  with  children.  Hence,  as 
■soon  as  there  is  the  slightest  doubt,  serum  injections  must  be  re- 
sorted to.  Tlie  few  inconveniences  of  the  serumtherapy  method, 
the  accidents  which  it  may  produce,  and  which  will  be  referred  to 
in  the  following  chapter,  are  nothing  in  the  presence  of  the  urgency 
for  prompt  action.  To  wait  for  the  result  of  the  cultures  would  be 
to  lose  valuable  time,  the  more  valuable  as  it  occasionally  happens 
Ihit  no  colony  develops  at  the  end  of  twelve  or  even  twenty-four 
iouTB.  In  brief,  in  the  case  of  a  child  presenting  the  chnical  signs 
of  diphtheritic  angina,  and  especially  of  croup,  serumtherapy 
Biiist  be  applied  immetMately.  In  cases  of  pseudomembranous 
*ngina  presenting  the  characters  of  herpetic  sore  throat  clinically 
lot  resembling  diphtheria,  it  is  usually  permissible  to  wait  for  the 
result  of  cultivation,  and,  when  one  has  a  certain  amount  of  experi- 
■Mce  in  diphtheria,  bacteriological  examination  will  confirm  the  data 
observation.  In  order  to  comprehend  the  action  of  the  serum 
W  must  study  successively  the  modifications  which  occur  in  the 
local  and  general  state  of  tlie  patient.  Locally,  the  serum  causes 
exfoliation  of  the  pseudomembrane.  Very  often  the  aspect  is 
eorapletely  changed  at  the  end  of  twenty-four  hours.  The  exudates 
•re  softened,  deliquescent,  and  the  throat  begins  to  be  relieved  of 
Mngestion.  It  is  well  to  remember,  iiowever,  that  on  the  day 
loltoRing  the  injection  an  increase  in  the  extent  of  the  pseudo- 
membrane  may  occur,  for  the  reason  that  the  parts  were  already 
ttvaded  by  the  bacillus,  and  the  exudate  was  produced  in  spite  of 
tte  action  of  the  serum.  Goincidently,  the  engorgement  of  the 
^Jinphatie  glands  diminishes.  Fom-  or  five  days  are  generallj'required 
fop  the  complete  disappearance  of  the  exudates.    They  sometimes 


a  nappy  pnenomeDon,  since  ir  eeems  tnai  sweati 
toxin.  The  influence  upon  the  temperature  is  vari 
frequently  produces  a  transitory  febrile  movenii 
existed  it  falls  at  the  end  of  twenty-four  hours,  i 
time  the  frequency  of  the  pulse  diminishes. 

If  the  case  is  one  of  laryngeal  diphtheria  the 
markable  by  curtailing  the  duration  of  the  evolu: 
elimination  of  the  pseudomenibranes.  Serumthi 
longer  any  occasion  for  tracheotomy.  The  metl 
has  been  resumed.  This  change  in  operative  proct 
advantages.  Tracheotomy  is  not  only  dangerous 
the  trachea  it  permits  the  penetration  of  exte 
microbes  present  in  the  wound,  and  thus  favors 
of  bronchopneiuuonia.  Besides  these  immediate  i 
give  rise  to  some  remote  ones.  According  to  L 
number  of  tracheotomized  patients  die  at  a  latej 
quence  of  the  development  of  pulmonary  tubercu 

^liile  there  is  universal  agreement  as  to  the  faci 
doubt  arises  when  we  consider  the  rfile  of  the  se 
to  certain  coinpiications  or  grave  manifestations, 
uria.  This  question  requires  new  investigation. 
impossible  to  form  an  opinion  in  view  of  all  sorfc 
assertions.  Some  authorities  contend  that  the  & 
diminishes  diphtheritic  albuminuria.  Others,  taJ 
some  experiments,  assert  that  the  serum  gives  ri 
«n™„      All  ^^^«^  io  ™«=;v.u  *-^  otot-^  ;^  +i,oi-  oiu., 
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Aa  to  paralyses,  they  are  still  quite  frequent.  It  is  hioped,  however, 
I4t  B-hen  seniratherapy  is  promptly  applied  while  the  toxins  are 
)t  yet  abundant  and  the  nervous  elements  are  more  resistant,  the 
iddeols  will  diminish. 

We  have  thus  far  endeavored  to  sum  up  the  advantages  of  anti- 
phlheritic  serum,  disregarding  the  acciflents  which  may  be  attrib- 
ed  to  its  use  and  which  will  be  studied  later  on.  We  have  shown 
lal  should  be  the  line  of  conduct  as  regards  the  opportunity  of 
ection.  The  question  of  concomitant  treatment  now  remains  to 
considered. 

(t  has  been  asserted  that  antiseptic  lavage  of  the  throat  hinders 
I  action  of  the  serum,  and  many  physicians  at  present  oppose 
iiible  removal  of  pseudomembranes.  It  seems  to  me  that  one 
mid  not  have  any  preconceived  ideas  on  these  qu^tions.  It  is 
ter  to  be  guided  by  observation  of  each  patient.  All  that  can 
s«d  is  that  in  the  treatment  of  diphtheritic  anginas  of  adults 
have  obtained  excellent  results  by  means  of  lavage  with  boiled 
ler,  with  solutions  of  carbolic  acid  and  thymol,  or  cleansing  with 
ion  juice.  Finally,  in  certain  cases  we  have  iioticed  that  con- 
ciitant  injections  of  pilocarpine  manifestly  favor  the  action  of 
1  aenim.  The  injections,  which  have  been  so  fiercely  opposed, 
m  to  produce  favorable  results,  provided  the  state  of  the  heart 
i  of  tiie  kidneys  be  carefully  watched.  When  the  heart  is  strong 
I  the  urine  is  not  albuminous,  the  injection  of  one  centigram  of 
■ate  of  pilocarpine  rapidly  amelioratas  the  general  state  and 
flre  detachment  of  the  pseudomembranes.  In  the  caae  of  adults 
!  a  good  auxiliary  to  serumtherapy,  at  least  in  certain  instances, 
■prosy,  Olandera.  A  few  serumtherapy  attempts  were  nuuie  by 
"asquilla  against  leprosy.  Tlie  serum  caused  the  return  of  sensi- 
y,  and  the  disappearance  of  the  spots,  edema  and  tubercles,  and 
trization  of  ulcerations,  etc. 

ew  researches  have  been  pursued  on  the  serumtherapy  of  glan- 
..  We  have  no  others  to  cite  except  those  of  Chenot  and  Picq, 
',  out  of  ten  inoculated  animals,  cured  seven  by  injecting  into 
n  the  serum  of  cattle,  that  ia,  a  species  naturally  refractory  to 


abonic  Plftftue.  Yersin,  Calmette,  and  Borrea  succeeded  in 
iimizing  animals  against  bubonic  plague  by  means  of  repeated 
ulations  of  cultures  heated  for  an  hour  at  a  temperatiu-e  of 
4°  F.  (58"  C).    Dr.  Roux  ha."?  likewise  immunized  horses  witJi 
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toxins.  The  serum  thus  obtained  gave  good  results  in  inoeulatei 
monkeys  (Wyssokowits).  In  man  it  confers  an  immunity  fAod 
lasts  for  about  a  fortni^t.  The  therapeutic  attempts  madeb 
Yendn  in  India  reduced  the  death-^ate  from  80  to  49  per  oett 
In  Qiina,  out  of  twenty-six  sufferers  treated  in  1897,  only  ti 
deaths  occurred. 

PammuMoeeoiis.  The  study  of  antipneumococcic  serumtherai 
has  given  rise  to  a  great  number  of  researches,  of  wfaidi  Dr.  Hoa 
speaks  in  a  review.^  As  this  author  remarks,  animals  may  1 
immunised  by  several  procedures:  One,  accidentally  discovered  I 
A.  Fraenkel,  and  systematically  employed  by  some  experimente 
consists  in  injecting  dilutions  of  virulent  microbes.  It  seems  thi 
in  order  to  succeed,  it  is  necessary  to  employ  cultures  of  moden 
strength,  for,  according  to  Foa  and  Scabia,  the  hi^y  viruk 
agents  kill  the  animals  or  produce  no  effect  at  all — i.  e.,  do  i 
inmiunise  them.  The  attenuated  cultures  gave  satisfactory  resu 
in  the  hands  of  Netter,  Emmerich,  Fowitsky,  Foa,  and  Scabia. 

Cultures  sterilised  by  filtration  or  by  the  addition  of  a  fi 
diloroform  are  generally  employed,  but  tiiey  must  be  heated 
140^  to  149^  F.  (60^  to  65^  C).    Without  this  precaution  the 
is  highly  toxic  and  seldom  immunizing.   As  in  the  case  of  diphther 
the  toxin  may  also  be  modified  by  means  of  the  iodo-iodide  reagei 
an  immunity  persisting  for  three  months  is  thus  obtained  (Foa  ai 
Carbone).     Finally,  for  securing  good  results  it  is  necessar}' 
immunize  by  means  of  microbes  possessing  about  the  same  \m\eL 
as  those  against  which  the  animals  are  to  be  protected.    It  is  lil 
wise  possible  to  immunize  animals  by  means  of  filtered  maceratic 
of  the  organs  of  rabbits  dead  from  pneumococcic  septicemia  (Mosn; 
by  means  of  sterilized  sputa  or  exudates,  the  blood  serum  or  1 
senim  produced  by  vesicatories  (Klemperer).    Whatever  the  mc 
of  vaccination,  the  serum  of  animals  that  have  been  render 
refractory  becomes  immunizing  and  conservative. 

Pneumococcic  diseases  being  often  benign  in  man,  a  serum  of  mc 
erate  acti\'ity  may  render  great  therapeutic  services.  It  hast€ 
recovery  toward  which  the  natural  forces  of  the  organism  tend. 

G.  and  F.  Klemperer  undertook  the  first  practical  applicatioi 
After  injecting  themselves  with  from  0.5  c.cg.  to  3  c.cg.  of  serum 
immunized  rabbits,  and  thus  proving  the  innocuity  of  the  fluid,  th( 

1  l^Iosny.    La  vaccination  et  la  gu6iison  de  Tinfection  pneumococcique  exp^rimeDti 
et  de  la  pneumonie  franche  de  lliomine.    Arch,  de  m^.  exp6r.,  1893,  p.  259. 
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icted  from  6  c.cm.  to  10  c.cm.  iato  patients  suffering  from  typhoid 
!r.  The  result  was  negative.  They  then  operated  upon  six  pneu- 
lia  patients,  and  with  from  4  c.cm.  to  6  c.cm.  of  serum  obtained 
il  in  the  temperature.  In  two  cases  the  disease  was  immediately 
isted.  In  another  series  of  twelve  cases  G.  Klemperer  liliewise 
srved  very  pronounced  amehoration  with  doses  varying  from 
cm.  to  10  c.cm.  Facta  subsequently  published  by  Foa  and  Car- 
e,  Foa  and  Scabia,  and  Janson  are  no  less  encouraging.  By  tabu- 
ig  the  observations  of  these  various  authors  the  writer  finds  a 
J  of  thirty-nine  cases.  In  only  one  case  (an  ob,servation  of  Janson) 
result  was  ml.  In  all  the  other  cases  there  was  very  marked 
rovement.  In  twenty-one  cases  the  crisis  was  produced  on  the 
)wing  day  or  two  days  after  intervention,  and  in  several  cases  on 
SLXth,  fifth,  and  even  the  fourth  day.  In  view  of  such  data  it 
ifficult  not  to  admit  the  favorable  action  of  ttie  serum, 
[ot  only  the  seruiTi  of  rabbits  but  also  that  of  man  may  serve  for 
rapeutic  purposes.  In  some  unpublished  experiments,  the  results 
dhich  were  indicated  in  a  memoire  of  Prof.  Bouchard,  we  recog- 
k1  with  Dr.  Charrin  that  "the  injection  into  rabbits  of  blood 
iin  obtained  by  venesection  from  a  man  suffering  from  pneumonia 
he  stage  of  defervescence  or  seven  days  after,  renders  these  ani- 
la  refractory  to  inoculation  with  pneumococcus,  and  this  four  days 

I  even  eleven  days  after  the  injection  of  the  serum.'"  Andeoud* 
ilied  these  experimental  results  to  man.  He  injected  into  two 
ients  the  serum  drawn  from  a  pneumonia  convalescent.  In  one 
he  cases  two  injections  sufHced  to  bring  about  a  crisis  on  the 

II  day.  In  the  other  instance  the  disease  terminated  on  the  fifth 
I  fifteen  hours  after  the  first  injection.  In  a  communication 
ressed  to  the  Congress  of  Rome,  Maragliono  announced  that  he 
obtained  thirty-nine  favorable  results  by  the  employment  of  the 
m  of  immunized  animals  or  of  cured  patients.  In  attempts  of 
kind,  however,  the  serum  of  the  dog  should  never  be  resorted 
This  serum,  far  from  preventing  the  infection  of  the  rabbit, 

rrs  it.  An  observation  of  Foa  and  Scabia  proves  that  it  acts  in 
same  manner  upon  man.  An  injection  of  2  c.cm.  or  3  c.cm.  of 
aenim  of  a  dog  which  had  previously  received  vuTilent  cultures 


hmchard.     Sur  les  pr^tcnduea  \ 
■ly,  1892,  p.  15. 

indeoud.    SerothSrapio  daiu  la  | 
May,  1893. 


s  par  le  tuuig.     Revue  de  mtfdecine, 
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of  pneumococci,  caused  a  notable  aggravation  of  the  geneml  ^ 
nomena,  an  increase  in  the  fever,  and  a  manifest  delay  in  recmaj.  I 

Although  pneumonia  is  a  disease  wliich,  in  the  majority  olciws,  I 
naturally  terminatee  in  recovery,  there  are  other  jmeumococcic  nam- 
festations  which  almost  invariably  tmu^ie  dealh.  Meningitis  is  aniouf 
the  number.  Here  is  a  subject  for  investigation  which  is  of  pal 
importance  and  necessan'  for  a  final  judgment  of  the  value  of  sfraw. 
In  fact,  there  is  already  a  recorded  observation  which,  althmi^ 
unique,  is  none  the  less  encouraging.  Righi'  observed  a  aeven-ycw- 
old  child  presenting  the  typical  symptoms  of  acute  meniii|itii, 
Examination  of  the  blood  revealed  the  presence  of  the  pneumcxiocfB. 
On  the  fifth  day  the  author  injected  1  c.cm.  of  serum  taken  from  i 
convalescent  of  pneuraococcic  meningitis.  The  ayniptoms  iraproveii 
and  the  patient  recovered  on  the  eiglith  day.  The  serum  injefld 
was  endowed  with  energetic  germicidal  properties  and  proved  to  bf 
preservative  and  curative  for  mice  and  rabbits. 

ProteDbacUloBU.  It  has  long  l^eeu  known  that  it  is  possible  lo 
immunize  against  the  proteus  with  soluble  substances  or  even  well- 
defined  products  like  neuii<iin.  De  Nittis"  has  made  known  a  roodf 
of  immunization  by  means  of  living  cultures  and  succeeded  in  obtaJD- 
ing  an  active  serum.  He  showed  that  the  guinea-pig  could  endure 
an  intraperitoneal  injection  of  from  3  c.cm,  to  3.5  c.cm.  of  a  culturp 
1.5  c.cm.  to  2  c.cm.  of  which,  when  intnxiuced  by  the  veins,  kilW 
rabbits  weighing  2  kilograms  within  twenty-four  hours.  The  serum 
of  guinea-pigs  thus  treated  proved  to  be  very  efficacious.  A  dose  of 
2  c.cra.  per  kilogram  of  animal  suffices  to  protect  rabbits  a^mst 
inoculations  which  kill  the  controls  in  twenty-four  hours. 

pfocfanobacilloBis.  Pyocyanobacillosis  or  pyocyauic  disease  ha 
Ijeen  the  subject  of  important  serumtherapic  investigations.  Tli« 
experiments  pursued  by  Bouchard*  led  this  scientist  to  formulftte 
certain  conclusions,  several  of  which  were  then  aljsolutely  new,  and 
which,  from  the  standpoint  of  general  pathology,  are  of  such 
importance  that  it  will  be  interesting  to  give  a  resum^  of  them  here. 

After  determining  that  the  blood  of  naturally  immune  animals his 
but  a  slight  therapeutic  action,  and  that,  in  order  to  obtain  an  effi- 
cient serum,  it  is  necessary  to  employ  the  blood  of  immunized  aninijkt 


'  RiBhi.  I,ft  rierolerapia  n<- 
»  Dp  Nitli!.  Sfrotliirapic  < 
'  Boucliard.    Lee  pn-tendue 


itp.     I.H  riforms  medicH,  1894.  iii  p.  jfl6. 
vulgaris.    Siicift^  ile  biologie.  JuM  UrJ| 
□TiH  par  \e  sang.    Re\-ue  Af  mM£<U«t,tt 
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Bouchard  demonstrated  that  the  serum  is  as  active  as,  and  even  more 
'tnergetic  than,  defibrinated  blood.  In  order  to  prove  that  the  effects 
i.Trere  due  to  the  serum,  viz.,  to  soluble  matters  and  not  to  morpho- 
llogieal  elements,  this  author  filtered  the  fluids  through  porcelain. 
llTw  results  were  not  modified.  He  then  studied  the  urine  of  animals 
[which  had  received  blood  of  immunized  animals  and  found  that  it 
did  uot  confer  immunity.  It  did  not  act  otherwise  than  the  urine 
offuimals  into  which  sterilized  cultiu-es  had  been  injected.  More- 
<iver,  he  showed  that  the  immunity  conferred  by  the  serum  is  of 
ihofl  duration.  If  it  existed  on  the  eighteenth  day  it  disappeared 
CD  the  twenty-second.  The  serum  exerts  an  immediate  protective 
actioa  which  gradually  diminishes,  while  the  bacterial  substances  at 
;iirat  weaken  the  resistance  and  subsequently  increase  it.  Hence  it 
Riay  be  concluded  that  the  active  substance  of  the  serum  is  rapidly 
destroyed  within  the  organism  of  the  animal  into  which  the  injection 
\as  been  matle,  and  that  the  immunity  produced  by  the  serum  is  due 
boC  t«  a  reaction  of  the  organism,  but  simply  to  the  introduction  of 
iwne  germicidal  substance.  Finally,  a  last  distinction  must  be  estab- 
iehed  between  the  immunizing  substances  of  cultm-es  and  those  of 
he  serum.  The  former  resists  a  temperature  of  239°  F.  {115°  C), 
he  latter  are  destroyed  between  140°  F.  and  149°  F.  (60°  C.  and 
5°  C.)..  iind  at  the  same  time  the  gemiicidal  action  disappears. 
BtepbyiococcosiB.  The  first  experimental  attempt  of  seruintherapy 
"as  directed  against  the  staphylococcus.  H(;ricourt  and  Richet,  in 
study  on  the  utaphylococcua  pynseptkux,  which  is  a  variety  of  the 
)aphylococciis  albus,  recognized  that  infection  in  a  rabbit  could  be 
revented  by  injecting  the  blood  of  dogs.  The  result  was  especially 
lanifest  when  use  was  made  of  dogs  that  had  recovered  from  a 
revious  inoculation  of  staphylococci. 

The  method,  which  consists  in  employing  the  serum  of  animals 
aed  from  a  virulent  inoculation,  is  too  uncertain  for  generalization. 
;  was,  therefore,  necessary  to  immunize  by  tlie  usual  procedures, 
Dtably  with  sterilized  cultures.  Drs.  Rodet  and  Courmont  discov- 
wd  the  interesting  fact  that  the  soluble  products  of  staphylococci. 
It  from  increasing  the  resistance,  diminished  it  and  predisposed  the 
^anism  to  infection.  By  continuing  their  researches,  however,  they 
icceeded,  by  means  of  alcohol,  in  extracting  a  substance  capable  of 
>nferring  upon  animals  a  sufficiently  marited  immunity.  Dr.  Cour- 
lont  subsequently  learned  that  the  serum  of  animals  thus  prepared 
ps  no  germicidal  power,  but  possesses  the  property  of  attenuating 
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microbes  and  causing  them  to  lose  their  virulence.  The  practical 
importance  of  this  result  is  evident. 

It  is  not  only  by  employing  substances  soluble  in  alcohol  thai 
animals  may  be  immunized.  Viquerat  arrived  at  the  same  result  b; 
a  procedure  first  employed  by  Behring.  Viquerat  injected  a  1:200 
solution  of  trichloride  of  iodine  into  the  neighborhood  or  tl 
interior  of  a  staphylococcic  abscess.  Under  the  influence  of  tb 
treatment  the  abscess  was  rapidly  cured,  and  its  contents  were  tran 
formed  into  a  serum  which  was  filtered  in  order  to  free  it  fro 
microbes  which  it  might  contain.  This  fluid,  like  the  blood  seni 
of  cured  individuals,  possesses  preventive  properties  against  tl 
intravenous  inoculation  of  staphylococci  in  rabbits.  Having  th 
obtained  a  serum  of  a  preventive  power  of  TT5inr>  ^he  author  i 
jected  from  10  c.cm.  to  65  c.cm.  of  it  into  various  patients,  ai 
obtained  a  speedy  cure  of  funmcles,  paronychia,  and  even  osteomy 
litis.  He  next  immimized  animals  by  means  of  cultures  to  whii 
trichloride  of  iodine  was  added,  and  obtained  from  goats  a  seru 
endowed  with  a  power  of  from  10,000  to  500,000.  When  injects 
into  patients  this  serum  caused  a  very  intense  reaction  at  the  poi 
of  the  lesion.  At  the  end  of  fifteen  or  twenty  hours  the  phenomei 
improved  and  notable  amelioration  resulted.  Finally,  Kose  immu 
ized  a  goat  by  first  injecting  it  with  cultures  attenuated  by  heat,  thi 
more  and  more  virulent  fluids.  The  serum  of  this  animal,  althou| 
devoid  of  all  germicidal  action,  increased  the  resistance  of  inoculate 
rabbits,  but  did  not  save  them;  they  died  less  rapidly,  however,  thi 
the  controls.  It  is  true  that  the  goat  was  insufficiently  immunize 
Streptococcosis.  The  history  of  antistreptococcic  serumtherapy  h 
been  presented  in  such  a  faulty  way,  except  in  Bonnet's^  work,  th 
we  think  it  worth  while  to  re-establish  the  succession  of  investig 

.  tions  by  indicating  the  dates. 

■'  In  order  to  prepare  an  efficient  serum  it  is  always  necessan' 

reinforce  the  immunity  of  the  animals.  Several  procedures  were  us( 
with  quite  variable  results.  We  may  group  the  attempts  in  tl 
following  manner  : 

1.  Imtnioiization  by  Living  Cultures.    Lingelsheim,^  who  eraplovf 
all  cultures  heated  to  145.4°  F.  (63°  C.)  for  an  hour,  obtained  onl 

1  Bonnet.    La  B^'TumtlK'Tapie  dans  Ics  affections  streptococci ques.    Gaiette  heMom 

daire,  1895,  p.  229. 

>  Lingelsheini.    Exp.  Untersuchungen  uber  morpholog.  cultur,  und  patholog.   FiJ^'l 
schaftP  dener  Streptokokken.     Zeitechr.  f.  Hygiene,  Ikl.  x.,  Ileft  2,  1S91 
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B^ative  results.  With  cultures  attenuated  according  to  Behring'a 
{Tocedure,  viz.,  by  means  of  trichloride  of  iodine,  he  succeeded  in 
immunizing  only  two  mice  out  of  twelve.  By  operating  upon  rabbits, 
De  Paoiis'  rendered  the  animals  refractory  by  injecting  into  their 
veins  non-'\'irulent  cultures.  We  succeeded  in  conferring  immunity 
upon  animals  by  making  successive  inoculations  of  virulent  cultures 
beneath  the  skin  of  their  ears.  The  reactions  were  less  and  less 
mtense  and  finally  became  so  mild  as  to  give  rise  only  to  circum- 
scribed abscesses,' 

2.  Immunization  by  Sterilized  Cultures.  As  in  Other  infections, 
imomnity  from  streptococcic  infection  may  be  conferred  by  means 
of  soluble  products.  A  little  difficulty  is  encountered  here.  Sterilized 
cultures  contain  two  groups  of  substances  with  antagonistic  action. 
Some  of  them  diminish  resistance.  Others  increase  it.  If  from 
5c.cin.  to  12  c.cra.  of  a  culture  filtered  through  porcelain  be  injected 

OAQUnals,  subsequent  inoculation  of  the  living  microbe  produces 
r  more  rapidly  than  when  no  previous  intervention  had 

fl-One  case  we  saw  an  animal  thus  succumb  eleven  times  more 
Spidly  than  the  control.  It  is  to  he  noted  that  no  relationship 
Irists  between  the  quantity  of  the  toxic  substance  injected  and  the 
Bgree  of  predisposition  created  by  its  injection.  If , however, cultures 
erilized  by  heat  are  employed,  the  effects  are  quite  different.  Rab- 
,ts  which  received  from  5  c.cm.  to  30  c.cm.  of  the  fluid  thus  obtained, 
id  which  were  inoculated  from  four  to  thirty  days  later,  survived 
hile  the  controls  died  within  a  few  days.' 

We  must  remark,  however,  that  these  results  are  perhaps  appli- 
ible  only  to  rabbits  or  at  least  to  certain  animal  species.  There  are 
ihers  in  which  injections  of  filtered  cultures  seem  to  increase  the 
mstance.  Such  is  the  case  with  the  horse.  On  the  other  hand,  the 
uployment  of  cultures  sterilized  by  heat  is  not  without  danger. 
ery  virulent  cultures,  or  even  cultures  of  moderate  activity  in  which 
rtfun  varieties  of  streptococci  are  developed,  contain  noxious  sub- 
ances  which  cannot  be  destroyed  by  heat.  Under  the.se  conditions 
leir  injection  gives  rise  to  emaciation,  at  times  cachexia  and  death, 

'  De  PftoUR.  SuUa  propritta  vaccinale  dello  atrpptococco  dell'  erisipela.  La  riforma 
■die*,  1889,  No.  200. 

*  Roger.  ModificationH  du  B«rmn  k  la  Biiito  de  I'^rysipUe.  Saaitt  de  biaiafpe, 
rtober  25,  1890. 

•  Roger.  Action  dcs  produil«  solubles  du  Btrcptoooque  de  I'frybipUo,  SocUti  de 
alope,  July  4,  ISQI. 


ceeded  in  rendering  animals  able  to  bear,  without 
titles  of  virulent  cultures  ten  times  larger  than  thosf 
for  the  non-immunized. 

Whatever  the  method  employed  for  immunizii 
serum  of  the  vaccinated  acquires  therapeutic  prope 
proved  by  the  author's  experiments'  and  by  those  ol 
cording  to  this  author  the  action  of  the  serum  is  pro] 
dose  employed;  but  it  does  not  affect  the  local  lesion 
of  extremely  remarkable  researches,  Marmorek*  si 
paring  a  serum  by  means  of  cultures  of  incredible  vi 
a  rabbit  a  dose  of  0.000,000,000,01  ccm.  of  the  cuU 
The  rabbits  into  which  the  serum  is  injected  a  few 
inoculation  resist  this  microbe.  Those  that  are  firsi 
then  treated  a  few  hours  later  also  survive.  Finall 
immunized  animals  against  the  staphylococcus  am 
He  employed  highly  virulent  microbes  which  he  cul 
Ion  containing  sugar.  The  cullures  sterilized  by  the 
cent,  of  phenol  were  injected  into  dogs,  rabbits,  an 
progressively  increasing  doses.  The  serum  of  anima 
neutralizes  in  vtlro  the  toxins  and  the  microbes;  i1 
preventive  and  curative  in  animals  into  which  the 
crobes  were  inoculated  and  had  caused  either  a  g( 
tious  i>rocess,  such  as  puerperal  fever  or  septicemii 
process  like  erysipelas, 

What  renders  these  investigations  interesting  is  tl 
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Thus  a  number  of  experimenters  arrived  independently  at  identical 
unciusions,  viz.,  possibility  of  vaccinating  animals  against  the 
beptococcua:  possibility  of  preparing  a  serum  efficacious  against 
atperimental  streptococcic  infections. 

Hence,  it  was  natural  to  attempt  the  treatment  by  antistrepto- 
KKcic  senmi  in  human  diseases.  The  first  endeai'or  was  made  by 
Gramakowsky,  who  treated  two  cases  of  erysipelas.  The  result  was 
Qotven,'  encouraging,  since  one  of  the  patients  died.  On  February 
23,  1895,  we  reported  to  the  Biological  Society  two  successes  ob- 
tained in  the  wards  of  Dr.  Charrin.'  They  were  two  women  suffering 
from  puerperal  fever,  one  of  them  profoundly  infected.  Both 
Hirvived.  The  following  month  we  reported  two  other  cases,  and 
DD  the  same  day  Dr.  Marmorek'  announced  that  he  had  successfully 
treated  forty-six  patients  suffering  from  erj'sipelas.  From  this 
nwment  on  contributions  succeeded  each  other  in  France  as  well 
IS  in  other  countries.  The  results  were  quite  variable  and  gave 
rise  to  a  good  deal  of  discussion. 

In  order  to  practise  serumtherapy  on  man  it  has  been  necessary 
to  resort  to  animals  capable  of  furnishing  great  amounts  of  blood. 
Hence,  the  hoi'se  was  chosen. 

Following  the  suggestions  drawn  from  our  investigations  upon 
fodentB,  we  inmiunized  animals  by  means  of  streptococcic  cultures 
ttPriliied  by  heat.  It  is  likewise  possible  to  confer  immunity  by 
Beans  of  toxins  obtained  by  filtration  of  the  cultures  through 
"wcelain.  Dr.  Vinay  resorted  to  the  latter  procedure.  Finally, 
^rrnorek  injected  into  the  veins  progressively  increasing  doses  of 
^iog  cultures  of  his  highly  virulent  streptococcus. 
All  these  methods  are  evidently  good.  Drs.  Denys,  Leclef,  and 
**'cliand,  who  took  up  the  question  and  prepared  serums  by  means 
living  cultures  or  of  toxins,  obtainetl  very  encouraging  results 
l>oth  cases.  The  only  point  that  now  requires  investigation  is 
ether  the  serum.s  are  more  efficacious  when  they  are  prepared 

one  or  the  other  of  these  various  proce<lures  and  whether  all 
'  equally  harmless.  The  serum  obtained  by  means  of  li\'ing 
■tures  has  at  times  caused  abscesses  and  erysipelas  patches  at 
'  point  of  injection.  This  result  is  due  to  the  persistence  of  the 
"eptococci.    This  inconvenience  is  not,  however,  of  a  nature  to 

duurin  et  Roger.    Ebbu  d'appUcation  de  la  s^rumtlifrapie  su  trailement  de  la  fiivrs 
>»p<rBlo.     Sopi.;t*  de  biologie,  Fcbrvary  23,  1805,  p.  124. 
'   UuTDorek.     Le  tfnua  ant  1  streptococci riue.     Ibid.,  March  30,  1895,  p.  230. 


cause  abandonment  of  the  method,  but  it  is  well  to  be  aware  ol  iIk 
fact  and  take  some  precautions — to  wait  longer  before  bleeding  the 
animals  or  to  filter  the  serum  through  porcelain. 

In  order  to  prove  the  action  of  the  serum  it  was  thought  llial 
cases  of  erj'sipelfts  should  be  experimented  upon.  Ht^nct,  Dt. 
Chantemesse  employed  the  serum  of  Marmorek  in  501  cases,  and  tie 
death-rate  was  2.59  per  cent.  A  close  examination  of  these  htti 
permits  a  division  of  them  into  three  groups:  Tlie  first  mcluiki 
those  cases  in  which  the  serum  employed  had  a  strength  of  1  jW 
7000,  with  a  death-rate  of  1,68  per  cent.  The  second  comprises 
those  cases  in  which  the  serum  had  a  strength  of  1  per  2000,  withi 
mortality  reaching  6.54  per  cent.,  that  is,  a  far  greater  perwnlags 
than  by  usual  treatment.  Finally,  by  a  new  serum  having  a  streagtl 
of  1:30,000  the  death-rate  fell  to  1.03  per  cent. 

Some  objections  were  raised  against  these  results.  Dr.  Bolognei 
remarked  that  just  as  favorable  results  may  be  obtained  by  dt 
simplest  treatment.  In  the  wards  of  Juhel-Renoy  the  death-raU 
did  not  exceed  3.5  per  cent.,  and  occasionally,  it  fell  to  1.21  ant 
even  to  0.9  per  cent^  As  a  matter  of  fact,  it  is  evident  that  ji 
adult  of  good  constitution  does  not  generally  die  from  eryapelu 
The  aged  jwrsone  who  succumb  had,  for  the  most  part,  some  orgaM 
Ictfton,  particularly  of  the  liver. 

The  serum  should,  therefore,  be  reserved  for  grave  cases  in  wiwi 
it  may  render  service,  for  cases  characteiized  by  relapses  and  ii 
prolonged  forms,  as  well  as  for  erysipelas  of  the  newborn,  althou^ 
in  this  last  instance  it  does  not  seem  to  be  very  efficient. 

The  action  of  the  senmi  in  cases  of  surgical  and  puerperal  septi 
cemias  deserves  particular  study.  Puerperal  fever  is  of  far  inon 
frequent  occurrence  than  is  generally  believed.  From  1884  to  18K 
the  statistics  of  the  city  of  Paris  registered  3000  deaths  due  to  tlit 
cause.  This  is  under  the  real  figures,  as  a  good  many  cases  go  unde 
different  designations.  The  results  obtained  with  the  serumtherap] 
treatment  have  been  quite  variable.  This  could  be  well  foresees 
since  intervention  takes  place  too  tardily  in  most  cases,  or  the  as 
is  one  of  mixed  infection,  or  perhaps,  insufficient  doses  of  the  senw 
are  employed.  After  the  publication  of  our  results  very  encourapng 
observations  were  reported  by  Drs.  Josu^  and  Herniary,  Jaequol; 
Marmorek,  Chrobak,  Vinoy,  Denys,  and  Leclef,'    On  the  other  hand, 

'  Denys  luid  LecUt.  Sur  le  s^rum  antistreptococcique  {report  by  Homn^""'- 
Acad,  de  MM.  de  Belgique,  December  2S,  ISQG. 
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the  Obstetrical  Society  of  France  (April,  1896),  the  majority  of 
stetricians  related  rather  disappointing  observations.  Charpentier 
d  had  a  death-rate  of  35  per  cent..  Bar  and  Tissier  50  per  cent. 

the  cases  which  we  treated  the  results  were  far  better.  Our 
atistics,  which  have  the  defect  of  being  too  small,  containing  only 
reive  cases  of  puerperal  fever,  may  be  divided  into  two  groups; 
hose  in  which  the  treatment  was  insufBcient — i.  e.,  in  which  too 
mall  amounts  of  serum  were  injected.  Such  were  two  cases,  one 
i  whom  died.  In  the  other  ten  cases  the  treatment,  which  was 
A  limes  tardily  instituted,  yielded  nine  recoveries  and  only  one 
kath.  Several  of  these  patients  would  have  recovered  without  the 
Krum.  Several  others,  however,  presented  symptoms  of  extreme 
pavity;  one,  among  others  whom  Prof.  Pinard  was  called  to  see, 
inis  pronounced  to  be  in  a  hopeless  state.  In  order  to  obtain  thera^ 
peutie  effects,  considerable  doses  of  the  serum  must  be  employed : 
ftiemtroduction  of  60  c.cm.  per  day — 30  in  the  morning  and  30  in 
the  evening.  In  one  case  we  injected  without  any  inconvenience 
300  ccm.  in  four  days.  The  patient,  who  was  comatose  at  the 
moment  of  intervention,  recovered  and  was  seen  by  us  ton  months 
later.  She  presented  no  disturbance  in  consequence  of  this  active 
treatment.  The  effects  of  the  serum  are  observed  in  the  local  lesions 
ssivell  as  in  the  general  condition  of  the  patient,  Locally,  the  vulval 
wound  modifies,  the  congestion  disappears,  and  the  wound  assumes 
a  good  aspect.  In  one  case  the  pseudomembranes  which  covered 
the  vulva  and  vagina,  and  were  quite  intimately  adherent  to  the 
mucous  membrane,  were  easily  detached,  exactly  as  when  anti- 
•liphtheritic  serum  is  injected  in  cases  of  anginas.  At  the  same 
time  the  general  state  is  improved,  the  patients  experience  a  feeling 
of  exhilaration,  and  the  skin  becomes  moist.  Tlie  modifications  in 
the  temperature  are  quite  variable.  In  some  instances  fever  was 
lot  influenced.  In  other  cases  it  fell  gradually  or  abruptly.  In  all 
"^  successful  cases,  convalescence,  which  is  usually  so  long  after 
puerperal  fever,  was  remarkably  shortened. 

Wemay  conclude  from  our  personal  observations  that  antistrepto- 
''ccic  serum  is  a  useful  auxiliary  in  the  treatment  of  puerjieral  fever. 
_^  believe,  however,  that  it  should  not  be  employed  to  the  exclusion 

^1  other  therapeutic  measures;  and  we  do  not  accept  this  mode 

^tion  with  reference  to  diphtheria  in  which  it  is  far  more  justifi- 
''e.  We  think  that  all  measures  of  treatment  should  be  utilized, 
'd,  according  to  the  cases  and  the  indications  of  each,  curettage 
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may  be  employed,  wliich  may  remove  placental  fragmenta  ott 
filled  with  microbes  of  all  descriptions,  as  well  as  intra-uteti 
irriKations,  gastrointestinal  antisepsis,  tind,  above  all,  cold  bat 
Observations  taken  under  these  conditions  would  necessarily 
less  clearly  demonstrated  and  more  complex;  but  what  we  m 
look  for  is  not  the  demonstration  of  the  efficacy  of  a  method  at 
risk  of  the  patients'  lives.  It  would  not  be  right  to  make  s 
experiments.  Our  duty  is  to  benefit  those  under  our  care  by 
therapeutic  means  at  om-  disposal.  In  order  to  obtain  results  fi 
the  serum  we  must  not  wait  until  the  last  moment.  On  the< 
trary,  we  should  intervene  from  the  very  beginning  of  manifeslatii 
and  inject  large  doses,  and  combine  serumtherapy  with  the  (H 
methods  of  treatment.  Such  is,  in  our  opinion,  the  line  of  Wfflt 
to  be  followed  in  the  presence  of  puerperal  fever,  or  rather  i 
puerperal  woman  suffering  from  fever.  It  is  hardly  neceseari 
say  that  even  under  these  conditions  we  cannot  save  everj-  patj 
and  this  for  several  reasons:  puerperal  fever  is  not  always 
to  the  streptococcus.  It  often  depends  upon  bacterial  associal 
Besides  the  streptococcus,  there  may  be  found  the  staphylococ' 
the  pneumococcus,  the  pneumobacillus,  the  colon  bacillus,  the  se 
vibrio,  etc.  Nevertheless,  the  serum  seems  to  be  efficacious  aga 
at  least  one  of  these  microbes;  that  is,  the  pneumobacillus. 
have  observed  three  instances  of  this  kind. 

One  of  them  concerned  a  woman  who  had  an  attack  of  \ 
grave  puerperal  fever.  The  symptoms  rapidly  yielded  after 
injections  of  the  serum.  30  c.cm.  each.  Examination  of  thel« 
did  not  reveal  any  other  microlies  than  the  pueumobocil 
The  second  case  was  that  of  a  puerperal  woman,  in  the  lochis 
whom  both  streptococcus  and  pneumobacillus  were  found.  ' 
injection  sufficed  to  overcome  all  the  disquieting  sympto 
The  last  instance  concerned  a  woman  suffering  from  a  suppural 
salpingitis,  upon  whom  laparotomy  was  practised  and  the  hi 
were  extirpated.  During  the  operation  the  tubal  abscess  buret  i 
the  pus  spreatl  into  the  peritoneimi.  Septicemic  phenomena  dc' 
oped,  and  on  the  following  day,  the  patient  being  in  a  verj-  soi 
condition,  antistreptococcic  serum  was  injected  into  her.  In  i> 
days  the  manifestations  subsided.  Examination  of  the  pus  revca 
the  presence  of  the  pneumobacillus  alone. 

The  cultures  obtained  from  this  last  case  were  highly  virulfi 
One  cubic  centimetre  when  injected   into  the  veins  cjiuscd  (lea 
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lits  within  twenty-four  or  thirty-six  hours.  Four  or  five  cubic 
etres  of  antistreptococcic  serum,  injected  at  the  same  time 
le  inoculation  was  made,  sufficed  to  save  the  animals.  The 
my  seem  too  high.  This  experimental  result,  however,  is 
f  in  harmony  with  clinical  oKservations.  Still,  it  is  not  to  be 
led  that  antistreptococcic  serum  is  efficacious  against  the 
obacillus.  It  was  such  against  these  samples,  and  even  in 
ree  cases  it  acted  far  more  rapidly  and  energetically  than 
ve  employed  it  in  infections  due  to  the  streptococcus. 
last  observation  leads  ua  to  say  a  word  regarding  the  employ- 
<i  the  serum  in  surgical  septicemias.  The  rules  are  the  same 
jiierperal  fever.  The  results  which  we  obtained  were  very 
itory.  The  serum  was  tried  in  three  cases,  and  all  recovered. 
Tek  also  obtained  successful  results  under  the  same  conditionp. 
serum  has  not  yet  been  used  in  cases  of  diffuse  phlegmons 
ptococcic  suppuration.  It  is  not  likely  that  it  would  prove 
0U3.  Likewise,  we  know  very  little  as  to  its  role  in  cases  of 
opneumouia.  A  few  attempts  were  made  in  scarlatina  by 
irek,  Josias,  and  Baginsky.  The  results  were  quit*  uncertain, 
is  not  to  be  wondered  at,  since  it  is  not  known  what  r61e  is 

by  the  streptococcus  in  scarlatinal  manifestations,  even  in 
ginas. 

Iiave  expounded  at  some  length  upon  antistreptococcic  serum- 
y,  because  a  future  seems  to  be  reserved  for  this  method. 
jbt  the  results  are  not  yet  perfect.  They  will  be  better  when 
ictive  serums  are  obtained,  and  particularly  when  the  treat- 
8  instituted  from  the  very  start  of  the  morbid  manifestations. 
rident  that  success  is  not  to  be  expected  in  every  case,  since 
lections  are  sometimes  mixed,  and  the  serum  cannot  be  effi- 
J  ag^nst  all  the  streptococci.  An  animal  which  is  immunized 
t  one  variety,  furnishes  a  serum  that  Ls  powerless  against  the 
varieties.  It  is  well,  therefore,  to  immunize  animals  by  inject- 
.tures  obtained  from  various  sources.  Such  is  the  method  at 
I  employed  by  Denys.  Lastly,  as  regards  puerperal  infection, 
8t  take  into  consideration  the  role  of  the  living  microbes  and 
'  the  bacterial  toxins.  Numerous  examples,  notably  the  study 
era  cases,  show  that,  according  to  the  procedures  of  immuniza- 
le  animals  furnish  either  germicidal  or  antitoxic  serums,  that 
ly,  eera  acting  upon  the  living  microbes  or  upon  their  secre- 

Henoe.  it  is  necessary  to  prepare  serums  endowed  with  both 


trichloride  of  iodine  or  cultures  prepared  in  thym 
Immunity  was  subsequently  obtained  by  other  pi 
Vallard  employed  filtered  cultures  which  were  at 
between  122°  and  140°  F.  (50°  and  60°  C.)-  R 
employed,  as  in  diphtheria,  a  mixture  with  iodizei: 

The  serum  of  vaccinated  animals  was  first  sti 
and  Kitasato,  who  recognized  that  it  possessed  t 
as  the  antidiphtheritic  serum.  It  neutralizes  p( 
antitoxin.  This  result  immediately  led  to  therapeu 
since,  as  is  known,  tetanus  is  one  of  the  infectious 
intoxication  plays  the  principal  r61e.  The  resi 
Behring  and  Kitasato  at  first  appeared  very  enc 
authors  declared  that  antitetanic  serum  protects 
which  it  is  injected  against  tetanus,  and  may  eve: 
liahed  disease.  They  asserted  that  it  was  possible 
already  presenting  the  characteristic  contractures. 

These  experiments,  however,  were  controlled 
Cattani,  Vaillard,  and  then  by  Kitasato  himself,  b 
results  from  a  therapeutic  standpoint.  Roux  ani 
quently  proved  that  the  serum,  when  injected  bf 
protects  the  animals.  When  it  is  introduced  coint 
toxin  or  a  tittle  later,  it  attenuates  the  manifestat 
only  a  local  tetanus.  But  it  is  absolutely  inefHcie 
into  animals  already  presenting  contractures. 
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ilieves  that  the  toxins  are  often  eliminated  when  the  manifestations 
)pear,  but  that  they  leave  in  the  nervous  system  alterations  which 
flow  an  independent  course.  The  senmi  does  not  act  upon  these 
fflons  any  more  than  the  salicylate  does  upon  rheumatic  endo- 
tffditis. 

The  serum  is  employed  rather  as  a  preventive.  It  is  employed 
ar  man  when  a  woimd  is  contaminated  by  soil,  particularly  in 
ountries  where  tetanus  is  frequent  or  in  individuals  who  come  in 
ontact  with  horses.  In  veterinary  medicine  it  renders  numerous 
ervices.  It  is  often  injected  as  a  prophylactic  into  horses  which 
lie  about  to  be  castrated. 

The  serum  is  still  administered  to  man  in  subcutaneous  injections, 
md  in  large  doses  in  cases  of  established  tetanus.  Successes  are 
worded  from  time  to  time.  Several  such  observations,  however, 
ire  liable  to  criticism.  It  has,  therefore,  been  thought  that  the 
node  of  introduction  of  the  serum  required  some  modification, 
is  a  result  of  their  investigations  on  cerebral  tetanus,  Roux  and 
Borrel  conceived  the  idea  of  injecting  the  serum  directly  into  the 
Bcrebral  substance  of  tetanic  patients.  Experiments  pursued  upon 
uiimals  seemed  to  demonstrate  the  value  of  the  method. 

He  first  application  to  man  was  made  by  Chauffard  and  Qudnu. 
Hie  patient  recovered.  Two  months  later.  Gamier  published  the 
report  of  a  successful  case  observed  in  our  wards.  It  was  a  case 
ckaracterized  by  a  slow  course.  During  the  first  three  days  the 
tetanus  was  benign.  The  fourth  day,  the  state  being  aggravated, 
*^e  decided  to  intervene.  Six  cubic  centimetres  of  concentrated 
s^m,  equivalent  to  15  c.cm.  of  the  ordinary  serum,  were  injected 
into  the  two  cerebral  hemispheres.  Simultaneously  116  c.cm.  were 
ejected  beneath  the  skin.  At  the  end  of  three  days  amelioration 
^as  manifest.  Recovery  was  complete  a  month  later.  Conval- 
^nee  was  disturbed  by  psychic  disorders  and  erotic  delirium. 
Riese  phenomena  were  transitory.  By  collecting  the  published 
observations,  a  death-rate  of  75  per  cent,  was  found;  that  is 
W]ger  than  the  average  death-rate,  which  does  not  exceed  70  per 
cnt.  As  nothing  regarding  this  method  has  been  published  for 
ome  time,  it  may  be  supposed  that  it  has  been  almost  abandoned, 
sit  at  least  inoffensive?  The  majority  of  authors  suppose  it  to  be 
0-   In  the  case  of  Gamier,  however,  psychic  disorders,  though  of 

transitory  character,  developed  in  consequence  of  the  injection. 
»i  another  case  observed  by  us  and  published  by  Dr.  Robert,  death 


Ill  uiiu  uiv  miuiuir  Huuiiriiuiiiiuiuai  caviiy.  iiie  re 
dogs  were  very  encouraging.  In  man  the  metho 
to  have  been  successful.  Thus  we  find,  with  refe 
the  antagonism  which  we  noted  on  several  occas 
results  obtained  in  laboratories  and  facts  of  cliii 
This  does  not  mean  that  the  importance  of  experii 
tions  is  any  less  valuable;  but  it  should  be  recogn 
pathology  is  extremely  complex,  and,  therefore,  i 
pursue  new  researches  and  make  new  attempts. 

TubercalosiB.  Riehet  and  Hi^ricourt'  were  the 
antitubercular  serumtherapy  by  injecting  the  bit 
the  peritoneum  of  rabbits  inoculated  with  cultx 
bovine  tuberculosis.  The  quantity  of  blood  Iransf 
16  to  41  grams.  The  mortality  of  the  controls  \ 
and  that  of  the  transfused  17  per  cent.  Soon  after, 
made  analogous  attempts  with  the  blood  of  goats,  \ 
to  be  immune  to  tuberculosis.  By  employing  2.5  gr 
of  animal  tliey  succeeded  in  preventing  or  arrest 
ment  of  the  disease. 

These  results  were  soon  applied  clinically,  and  a  ft 
to  have  been  obtained  by  subcutaneous  injectiom 
dogs  and  goats.  In  spite  of  these  encouraging  resi 
ment  of  the  blood  of  normal  animals  did  not  lea 
methoil.  The  serum  of  naturally  immune  animi 
possesses  true  curative  power,  tor  the  reason  that  r 
ia  ftlwnvs  ennt.incpnt.  fliul  ia  nRver  absnlutA.    In  r«irar 
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Experimenters  were,  therefore,  led  to  investigate  whether  it  was 
possible,  by  various  procedures,  to  confer  artificial  therapeutic 
JKwer  upon  the  serum  of  certain  animals.  A  good  many  attempts 
made  in  this  direction.  In  spit*  of  their  apparent  multiplicity, 
Hie  procedures  employed  are  divisible  into  three  groups:  1.  Employ- 
ineut  of  living  cultures.  2.  Employment  of  sterilized  cultures. 
3. Mixed  method,  in  which  both  soluble  products  and  living  cultures 

e  made  use  of. 

1.  The  Serum  of  Animals  Treated  wUh  Living  Cultures.  This  pro- 
eedure  was  variously  utilized.  Hericourt  and  Richet,  having  obtained 
i  relative  immunity  in  dogs  which  hati  receivptl  avian  tuberculosis, 
ifere  naturally  led  to  study  the  therapeutic  action  of  their  fluids. 
IVy  employed  the  serum  obtained  by  inoculating  avian  tubercu- 
fcffla  beneath  the  skin  of  the  dog.  This  fluid,  which  the  authors 
wiled  pkymoserum,  when  freed  from  leucocytes,  is  found  to  possess 
»ell-marked  immunizing  properties  with  regard  to  rabbits.  The 
fflithors,  however,  seem  to  have  abandoned  this  method  in  order  to 
Jffptae  a  neoserum  mth  animals  inoculated  with  human  tubercu- 
loeia. 

TTie  procedure  of  Hericourt  and  Richet  consists  in  inoculating  with 
kuDun  tuberculosis  animals  of  slight  susceptibility,  such  as  asses  and 
In  a  first  series  of  experiments  the  serum  was  furnished  by 
ID  Bfs  which  received,  one  month  previously,  an  injection  of  virulent 
human  tuberculosis.  While  the  control  guinea-pigs  died  at  the  end 
if  Iffo  months,  out  of  four  guinea-pigs  treated,  two  were  still  living 
It  fte  end  of  seventy-one  days.  In  another  note  the  authors  an- 
nounced that  they  had  inoculated  dogs  with  tubercle  bacilli  pre- 
viously freed  from  tuberculin  by  washing.  The  inoculations  were 
Uisde  into  the  veins,  and  the  animals  were  bled  at  the  end  of  ten 
The  serum  was  used  to  treat  a  woman,  thirty-four  years  of 
>ge,  in  whom  a  very  manifest  amelioration  was  observed.  A  few 
inonihs  later  Redon  and  Chenot  announced  that  it  was  jxissible  to 
prevent  tuberculosis  in  rabbits  and  guinea-pigs  by  injecting  into 
them  the  serum  of  asses  or  mules  which  had  previously  been  inocu- 
wlft!  with  tuberculosis  and  presented  no  lesion  in  consequence  of 
thifioi)eration.  The  results  were  still  better  when  the  serum  of  horses 
''Tst  treated  with  tannin  was  used  than  when  active  tubercular  virus 
"■aa  employed. 

Evidently  here  are  very  interesting  results  which  are,  nevertheless, 
■^pen  tfl  criticism.    The  dog,  the  ass,  the  mule,  and  the  horse  are  far 


lation  of  human  tuberculosis.  The  guinea-pigs  v 
Berum  died  more  rapidly  than  the  controls.  Or 
Broca  and  Charrin  obt^ed  encouragiiig  results  in 
employed  was  that  of  dogs  suffering  from  a  local 
The  injections,  when  made  into  patients  affect 
fungous  ulcerations  consecutive  to  incomplete  suri 
produced  notable  amelioration  in  the  lesions. 

How  are  these  favorable  results  to  be  expla 
assumed  that  the  serum  acted  simply  like  the  noi 
dog,  winch  also  possesses  the  power  of  improving 
culosis  (Feulard)?  This  interpretation  is  inadmii 
however,  to  take  into  account  the  possibility  of  an  i 
to  that  of  tuberculin.  In  fact,  it  seems  that  in  th 
culosis  the  blood  cont^ns  a  substance  analogous 
by  Koch  from  cultures  of  his  bacillus.  The  blood  ■ 
possibly  represents  a  dilution  of  tuberculin  whic 
pve  rise  to  dangerous  reactions,  but  sufficient  t< 
lesions.  This  explanation  seems  to  me  the  more 
Koch's  lymph  is  most  efficient  in  lupus  and  exteri 

While  virulent  cultures  do  not  seem  to  yield  go 
be  hoped  that  attenuated  cultures  will  prove  c 
Researches  published  by  Schweinitz  and  Dorset  t« 
Two  horses  received  considerable  quantities  of  at 
— as  much  as  4590  c.cm.  in  eight  monl^.    The  ser 
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•nith  these  products  succumbed  more  rapidly  than  the  controls,  A 
{Jew  months  later,  Dr.  Boinet  announced  that  the  serum  of  tubercu- 
Eniwd  goats  protected  guinea-pigs  into  which  an  inoculation  of  viru- 
lent tuberculosis  was  afterward  made.  When  employed  in  patients 
ithe  serum  produced  amelioration  in  mild  forms  of  tuberculoses,  but 
it  was  ineffective  in  indi\-iduala  with  cavities  and  in  those  presenting 
Ifebrile  movements  or  hemoptysis. 

Tie  presence  of  an  antituberculin  in  the  blood  of  animals  treated 
(With  tuberculin  was  proved  especially  by  the  investigations  of  Behr- 
jingand  of  Niemann.  Behring,  in  collaboration  with  Wernicke  and 
^orr,  found  anlitubercuhn  in  the  blood  of  man  and  animals  which 
9iail  been  injected  with  progressively  increasing  amounts  of  tuber- 
[iBulin.  In  order  to  demonstrate  this  these  authors  injected  fatal  doses 
of  tuberculin  into  tubercular  guinea-pigs.  Those  animals  which 
ijecrived  the  serum  at  the  same  time  the  tuberculin  was  injected  did 
Bot  die.  Niemann  published  analogous  experiments.  He  resorted 
to  very  different  animals — dop,  goats,  guinea-pigs,  white  rats,  por- 
cupines— and  injected  into  them  progressively  increased  doses  of 
tuberculin,  or,  still  better,  a  precipitate  obtained  by  means  of  alcohol, 
M  ss  to  free  it  from  glycerin.  He  thus  conferretl  upon  them  a  certain 
immunity  against  virulent  inoculations.  He  then  tried  the  serum 
iBpOQ  tubercular  guinea-pip,  with  the  following  results:  40  eg.  of 
Ituberculin  killed  the  animals  in  a  period  of  time  varying  from  four- 
Itwn  to  seventeen  hoiu^.  The  same  dose,  when  mixed  with  8  c.cm. 
of  the  serum  killed  the  animals  in  twenty  or  thirty  hours.  With 
lOccm.  the  animals  lived  twenty-two  days,  and  with  12  c.cm.  from 
^tirty-five  to  forty-two  days.  Finally,  6  grams  of  serum  of  a  goat 
'hich  had  received  tuberculin  and  dead  bacilli  preserved  the  lives 
ftf  tie  animals  for  from  fifty  to  seventy  days. 

Maffucci  and  Di  Vestea  injected  into  sheep  456  mg.  to  1670  rag. 
If  bacilli  killeit  by  exposure  to  a  temperature  of  230°  F.  (110°  C.) 
if  twenty  minutes.  Living  bacilli  placed  in  contact  for  half  an  hour 
Jth  the  serimi  taken  from  these  animals  lost  part  of  their  virulence. 
Uinea-pigs  which  were  inoculated  with  the  mixture  died  far  more 
swiy  than  those  which  received  only  the  bacilli  or  those  which 
fceived  the  bacilli  and  the  serum  separately.  The  latter,  how- 
Per,  survived  a  httle  longer  than  the  controls.  It  would  seem, 
terefore,  that  under  the  influence  of  tubercular  products  there  is 
imed  in  the  organism  a  substance  possessing  the  power  of  at- 
Buating  the  action  of  tubercular  toxins  and  even  of  the  living 


k. 


iiuiii  iiugu,  rauiHiH,  guiueu-pigu,  aaiu  imiwh  uKixmi 
neutralized  tuberculin  and  prevented  or  cured  tub< 

and  guinea-pigs.  The  employment  of  these  fluii 
results,  even  in  man:  the  fever  ceaseil,  the  weight 
cutaaeoua  lesioua,  notably  lupus,  improved. 

Anlituhercular  Serumlfierapy  in  Man;  the  Sen 
Ah  has  already  been  stated,  several  authors  had 
more  or  less  marked  improvements.  H^rieourt  ai 
as  Boinet,  utilized  the  serum  of  animals  the  resista 
thought  tliey  had  increased.  Paquin  prepared  fl 
origin.  Bloch  a^lvocatetl  the  eraploj-ment  of  the 
the  subcutaneous  capillary  network.  The  invest! 
liano  placed  the  question  upon  a  practical  basis, 
this  author  established  that  tubercular  cultures  co 
of  toxic  substances.  Some  of  them,  which  are  ob 
trating  the  culture  at  212°  F.  (100°  C),  are  repres 
derived  from  the  bodies  of  the  bacilli.  These  a: 
found  in  Koch's  lymph.  The  others,  Which  are  pn 
trating  in  vacuo  at  86°  F.  {30°  C.)  and  filtering  th 
porcelain,  are  particularly  toxalbumins.  This  latt 
an  action  altogether  opposite  to  that  of  the  fori 
animals  in  a  state  of  collapse,  while  tuberculin 
thermia. 

The  animals  which  furnish  the  sei'um— ^goats,  a^ 
are  injected  with  progres-sively  increasing  doses  of  i 

nortH  of  tl.B  former  aryA  nno  nart  nf  tl,..  }attov  fin;, 
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causes  fever  is  neutralized  by  1  com,  of  the  serum.  After  they  have 
been  treated  by  the  serum  the  tuberculous  individuals  become  insen- 
sible to  the  action  of  tuberculin,  even  when  use  is  made  of  doses  ten 
limes  larger  than  those  which,  at  the  beginning,  gave  rise  to  reactions. 
TTie  treatment  consists  in  injecting  into  the  patient  1  c.cm.  every 
other  day.  In  febrile  cases  in  wliich  no  reduction  in  the  temperature 
is  obtained,  the  doses  are  increased  to  5  c.cm.  and  10  c.era.  If  the 
fever  disappears  the  dose  is  again  reduced  to  I  c.cm.  This  dose  is 
lobe  employed  if  the  febrile  process  is  not  arrested  by  higher  doses. 
Tliifl  treatment  should  be  stopped  in  case  of  hemoptysis.  A  great 
number  of  physicians  made  use  of  Maragliano's  serum,  and  the  obser- 
vations pubhsheil  are  quite  favorable  to  the  method.  The  serum 
proved  useful  in  91  per  cent,  of  the  cases,  and  it  proved  curative  in 
16  per  cent. 

It  is  evidently  too  soon  to  conclude  that  Maragliano's  serum  is  the 
true  specific  of  tuljereulosis.  Numerous  negative  facts  do  not  permit 
such  optimism.  Tlie  fact  that  may  at  once  be  recognized  is  that  the 
medicme  when  employed  in  amounts  indicated  by  the  author  does 
not  seem  to  be  dangerous  and  is  at  times  efficacious.  Perhaps  the 
failures  are  due  in  part  to  the  fact  that  in  man  the  process  is  always 
complex.  Besides  tuberculosis,  a  whole  series  of  secondary  infections 
3«  to  be  combated.  Here  is  the  stumbling-block  of  antitubercular 
*wimtherapy.  The  i-iay  we  possess  a  serum  capable  of  combating 
wdfttroying  Koch's  bacillus  we  shall  still  lack  an  infallible  serum 
sgainsl  tuberculosis,  for,  barring  the  cases  of  acut«  miliary  tubercu- 
'"Bis.the  infection  is  mixed,  and,  when  it  has  reached  the  third  stage, 
the  patient  that  has  pulmonary  cavities  and  is  suffering  from  hectic 
fever  is  a  pyohemic  rather  than  a  bacillary  sufferer.  A  whole  series 
••f  serums,  varying  from  one  case  to  another,  must  be  employed  in 
*  polymicrobic  infection.  The  unpossibility  if  not  the  dangerous 
character  of  such  therapeutics  is  evident. 

Tjphold  rever.  It  is  not  difficult  to  vaccinate  animals  against  tlie 
'■adlius  of  Eberth.  This  may  be  accomplished  by  employing  the 
f^vitig  microbes,  as  has  been  done  by  Beunier  and  Peiper,  or  by 
"laking  use  of  sterilized  cultures,  as  was  advised  by  Chantemesse  and 
^'idal,  Brieger,  Kitasato,  and  AVassermann.  Tlie  majority  of  authors 
^(Hiay  resort  to  the  latter  method.  In  order,  however,  to  obtain  an 
Active  serum,  an  exalted  virus  must  be  employed.  The  best  means 
blasts  in  making  passages  in  series  on  animals,  by  favoring  the 
development  of  the  pathogenic  agent  by  means  of  simultaneous  injec- 


serum.  Klemperer  and  Levy,  with  the  serum  of  < 
with  ft  Berum  of  sheep  prepared  by  Beumer  and  Pei 
shortening  the  morbid  evolution. 

Chantemesse,  after  establishing  ihe  immunizing  ai 
of  this  serum  upon  animals,  obtained  very  encou 
man.  One-fiftieth  of  a  cubic  centimetre  of  the  ser 
prophylactic  into  a  guinea-pig  confers  iminunity  ag 
of  toxin.  When  he  injected  into  guinea-pigs  a  dos 
killed  the  controls  in  twenty-four  or  forty-eight  hour 
which  subsequently  received  26  eg.  of  serum  four  an 
after  introduction  of  the  poison  usually  resisted. 

In  man  the  treatment  reduced  the  mortality  U 
cent.  The  study  of  observations  and  of  the  coi 
demonstrates  the  efficiency  of  the  method  more  thj 
injection  of  from  10  c.cm,  to  20  c.cm.  of  serum  suf 
temperature  and  cause  the  diazo  reaction  to  disapp« 
of  the  disease  is  shortened.  Defervescence  occurs  ea 
to  what  usually  happens,  the  urine  remains  scanty 
after  the  fall  of  the  fever. 

Infoctiona  tba  Agonta  of  Which  ue  Unknown  Ot 
We  place  in  a  separate  group  those  infectious  disei 
of  which  are  unknown,  or  little  known,  or  have  not 
Numerous  attempts  have  been  made  in  such  caa 
the  blood  and  the  serum  of  convalescent  men  oi 
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accomplished  in  several  cases  of  scarlatina.  The  method  is  quite 
fdmple  and  appears  to  lie  efficacious,  as  may  be  judged  from  the 
folloiving  observation:' 

At  8  P.M.  on  June  17,  1896,  a  young  man,  fifteen  years  of  age, 
was  brought  to  our  wards  suffering  from  scarlatina.  The  attaclc 
hid  taken  place  forty-eight  hours  previously  and  had  been  ushered 
m  by  vertigo,  headache,  and  sore-throat.  At  the  time  of  his  admis- 
Mon  we  were  struck  by  the  gravity  of  the  general  state.  The 
patient  was  motionless  and  semicomatose.  From  time  to  time 
his  limiis  were  shaken  by  shght  convulsive  movements,  his  face  was 
drawn,  his  eyes  fixed,  and  dyspnea  was  extremely  intense.  Sixty- 
ei^t  respiratory  movements  a  minute  were  counted  and  120  regular 
mi  quite  strong  lieart-beats.  The  skin  was  covered  with  a  general- 
iied scarlatinal  eruption.  The  tongue  was  dry  and  the  tonsils  swollen 
Mil  covered  with  a  pultaceous  deposit.  After  his  arrival  the  patient 
voided  a  small  amount  of  non-albuminous  urine.  Owing  to  the 
graiity  of  the  general  state  oiu-  interne  gave,  at  10  p.m.,  a  subcu- 
taneous injection  of  400  grams  of  salt-water;  at  1  .\.m.  a  bath  was 
given  at  82.4"  F.  (28°  C). 

On  the  morning  of  the  18th  the  general  state  was  about  the  same 
w  on  the  previous  evening.  The  patient  was  comatose,  and  his 
eitremities  were  at  times  convulsed,  the  tongue  dry,  the  tempera- 
ture, taken  every  three  hours,  was  reduced  after  the  administration 
of  the  bath,  tlien  it  rose  and,  in  the  morning,  reached  105.3°  F. 
(40,2°  C).  The  number  of  respirations  was  68;  the  pulse  did  not 
«tceej  120,  but  was  extremely  weak.  The  patient  had  voided  no 
unne  since  the  previous  night. 

A  fatal  termination  seemed  to  be  approaching.  We  resolved  to 
^ploy  serum  treatment.  A  man  convalescent  from  scarlatina  was 
""ling  to  furnish  the  blood.  As,  however,  it  was  necessary  to  act 
pfomptly,  we  could  not  prepare  serum.  Hence,  we  decided  to  inject 
defibrinated  blood.  For  this  purpose  we  took  a  glass  ball,  and,  after 
lElrculucing  into  it  a  certain  quantity  of  pearls,  closed  it  with 
wt.tfln.  The  ball  was  sterihzed  at  356°  F.  (180°  C).  Tlie  vein  of 
^■ift  Convalescent  was  then  opened  and  100  grams  of  blood  drawn. 
%  gently  agitating  the  ball  the  pearls  separated  the  fibrin,  and  an 
**«ptic  fluid  was  thus  obtained.  These  preparations  had  taken  an 
■'OUT.  During  this  time  the  state  of  the  young  man  had  become  still 
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worse,  and  a  fatal  issue  seemed  imminent.  At  11  a.m.  we  bleJ  the 
patient  and  took  from  hira  150  grams  of  blood.  Ei^ty  cubic  cpiitl- 
metres  of  defibrinated  blood  taken  from  the  convalescent  were  then 
injected  beneath  the  skin  of  the  abdomen. 

At  4  P.M.,  when  the  author  saw  the  patient,  he  found  him  sleeping 
and  breathing  quietly ;  he  then  awoke  and.  ha^'ing  made  a  tew  mow 
ments,  the  respiratory  rhj-thm  changed  and  assumed  the  typf  «l 
tTieyne-Stokes.  The  pulse-beat  was  120  and  weak,  although  less 
than  in  the  morning.  Prostration  was  less  marked  and  the  tongm 
lifld  become  moist.  In  spite  of  this  notable  amelioration  of  the  gen 
eral  state,  the  temperature  remained  high  and  the  patient  passed  n 
urine.  He  was  then  given  a  bath  at  82.4°  F.  (28°  C).  The  t«mpera 
ture  tlien  began  to  fall.  At  7  p.m.  400  grams  of  salt  water  wo 
injected  beneath  the  skin.  At  8  p.m.  he  passed  urine.  At  10 1".! 
the  interne  found  the  patient  sleeping  quietly,  his  pulse  100,  Tfspvt 
tions  25  per  minute.  On  the  following  morning  the  patient  ti 
fount!  completely  transformed ;  he  spoke  easily,  felt  well,  and  aeke 
for  food.  The  tongue  was  desquamatetl  but  moist,  and  the  eruptio 
was  pale,  except  in  the  lower  extremities,  where  it  was  still  market 
The  pulse,  80  per  minute,  was  still  somewhat  weak,  but  very  regulsi 
and  the  respiration  22.  Finally,  since  8  o'clock  of  the  pre\ious  evei 
ing  until  8  o'clock  the  next  morning,  the  patient  voided  1100  ccn 
of  a  dark  red,  non-albuminous  urine.  The  temperature  oscillalf 
during  the  day  around  100.4°  F,  {3S°  C),  and  on  the  following  An 
it  returned  to  the  normal  in  a  definitive  manner.  On  the  follomn 
days  nothing  special  was  noted.  The  infection  was  shortened,  an 
in  80  .serious  a  case  we  have  never  seen  so  rapid  a  convalescence. 

When  recovered  the  patient  told  us  that  he  did  not  rememberh 
arrival  at  the  hospital  or  the  salt-water  injection  given  him  ! 
that  time.  He  remembered  only  the  bath  which  had  been  given  i 
night.  This  consciousness,  however,  had  not  lasted  long,  for  tl 
patient  could  not  recall  the  bleeding  nor  the  injection  of  defibiii>al> 
blood.  He  had  come  out  of  his  comatose  state  later  in  the  day.  I 
clearly  had  kept  the  remembrance  of  my  visit  of  4  p.m.  and  all  tl 
events  taking  place  after  that  time.  These  retrospective  details  ai 
interesting  inasmuch  as  they  show  the  extreme  gravity  of  the  atui 
tion  at  the  time  of  intervention.  It  may  be  said  that  our  observalio 
is  too  complex,  since  recourse  was  had  simultaneously  to  seven 
therapeutic  methods.  This  mode  of  action  renders  demonatratiiio 
less  exact,  but  it  was  the  only  one  permissible.    By  studying  Ifi' 
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■olution  of  the  disease,  however,  it  ie  possible  to  discern  what  is  due 
to  each  procedure  employed.  Improvement  Ijegau  after  the  injection 
of  the  blood  and,  unless  it  is  assumed  that  the  change  in  the  general 
Etate  would  have  occurred  even  without  intervention,  wliich  is  among 
the  possible  events,  tlie  amelioration  is  to  be  attributed  to  the 
influence  of  the  hemotherapy.  The  improvement  thus  started  con- 
tinued, owing  to  the  auxiliary  action  of  the  bath  and  especially  to 
the  injection  of  salt-water. 

The  same  hemotherapic  method  is  applicable  to  measles.  In  four 
mus  Weisbecker  saw  rapid  arrest  of  bronchopneumonias  of  measles 
under  the  influence  of  the  serum  of  convalescent  individuals.  These 
researches  are  the  more  important  as  thoy  were  made  on  very  young 
children — i.  e.,  under  particularly  grave  conditions.  The  rapid  dis- 
sppearance  of  the  thoracic  manifeatations  leails  to  the  question 
■ffhetiier  bronchopneumonia  is  really,  as  is  generally  admitted,  exclu- 
sively dependent  upon  secondary  infection,  or  whether, as  Dr.Lcsage 
thinks,  the  principal  agent  of  the  disease  plays  a  more  important 
rtle  in  its  development  than  is  generally  supposed. 

Analogous  methods  have  been  employed  against  recurrent  fever, 
(Gabritchewski),  typhus  fever  (Lewaschew,  Hammerschlag,  v. 
J&lisch,  Legrain),  and  acute  articular  rheumatism  (Weiss).  The 
nhservations  are  too  small  in  number  to  justify  discussion  of  these 
sitempts  at  length- 

VweiiiQ  knd  TuioU.  Sternberg  is  to  be  credited  with  having 
flenioiistrated  the  properties  acquired  by  the  serum  as  a  result  of 
•'e'liierian  vaccination.  This  author,  whose  investigations  were  con- 
^'■•Hed  by  Kinyoun,  recognized  that  a  drop  of  vaccine  when  mixed 
"th  four  drops  of  serum  of  a  calf  vaccinated  for  two  weeks,  loses, 
"  the  end  of  an  hour  of  contact,  the  power  of  causing  vaccinal  erup- 

bThis  was  the  first  step  in  the  way  of  serumtherapy.  The  authors, 
'Wever,  who  attempted  to  imnmnize  animals  by  means  of  the  serum 
.  vaccinated  subjects  obtained  results  wluch  were  not  very  satis- 
*ctory.  We  must  come  to  the  important  work  of  B^clfire,  Chambon, 
^t\  Menard,'  who  demonstrated  that  the  senuu  of  a  vaccinated  calf 
*hen  not  taken  during  the  virulent  period — i.  e.,  from  ten  to  fifteen 
*aya  after  vaccination — possesses,  with  regard  to  the  inoculated  vac- 
«He,  immunizing  properties,  provided  very  considerable  amounts  of 

'    '  Bfclire,  Chambon,  uid  M6nard.     Etudes  Hur  1  'immunity  vftcoliuile  et  [e  pouvoir 
^ttmnlnuitilus^nuadegdiiiBae  vBccini^.    AonoJea  de  llnslitut  Fasleur,  JuiuBiy,  1696. 
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serum  are  introduced  beneath  the  skin.  It  is  necessary  to  inject 
amount  equal  to  one-hundredth  part  of  the  weight  of  the  body, 
even  then  the  immunity  obtained  is  incomplete.  A  great  numbc 
inoculations  are  ineffective.  The  eruptions  which  appear  are  r 
mentary .  However,  the  most  important  fact  from  a  doctrinal  sti 
point  is  that  the  contents  of  these  eruptions  are  not  virulent.  1 
cannot  be  employed  to  inoculate  other  individuals.  The  aut 
furthermore  remark  that  the  action  of  the  serum  depends  ra 
upon  the  substances  which  are  dissolved  in  it,  since  the  efifecfe 
immediate.  Twenty-four  hours  after  the  injection  inununit 
effected. 

It  is  evident  that  serumtherapy  cannot  displace  Jennerian 
cination,  and  this  for  two  reasons:  the  amount  of  serum  requir 
too  great ;  the  immunity  produced  is  incomplete  and  is  not  permai 
Serumtherapy  may,  therefore,  be  resorted  to  only  in  those  ca» 
which  non-vaccinated  individuals  are  found  in  cont^ict  vnih.  var 
patients,  especially  if  they  present  at  that  moment  some  mc 
symptoms  announcing  the  invasion  of  variola.  It  would  the 
feared  that  vaccine  would  act  too  tardily  to  modify  the  organis 
time.  The  serum  is  to  be  utilized  imder  such  conditions  an 
necessary,  an  inoculation  with  the  vaccinal  virus  made  at  the  i 
time. 

The  autliors,  however,  who  studied  the  vaccinal  serum, 
another  end  in  view.  They  looked  for  a  remedy  against  variola 
early  as  1893  Auche,  and  then  Landmann  employed  human  s- 
obtained  from  cured  variola  cases.  They  obtained  no  apprec 
result.  Landmann  likewise  failed  with  the  serum  of  vaccii 
heifers,  while  Elliot  saw  a  patient  recover  without  any  cicai 
after  the  injection  of  105  c.cm.  In  another  case,  which  was  a 
grave  one,  65  c.cm.  did  not  prevent  the  fatal  termination.  Accoi 
to  Bt'^clere,  the  failures  are  due  to  the  fact  that  the  amount  of  s 
administered  is  too  small.  This  author  injected  amounts  far  eX' 
ing  those  employed  in  other  diseases.  He  made  use  of  doses  e< 
alcMit  to  one-fiftieth  part  of  the  weight  of  the  body  in  adults,  aj 
th(^  twentieth  part  in  children.  Thus,  in  a  case  reported  hy 
a  woman  weighing  70  kilograms  (155  pounds)  received  1560  ( 
beneath  tlu*  skin  of  the  abdomen  in  one  hour.  This  patient  hon 
injection  well  and  rapidly  recovered.  Becl^re,  during  the  Mars( 
epidemic,  treated  ten  cases  of  variola.  Three  of  them  died:  on 
them,  however,  had  from  the  beginning  a  hemorrhagic  variola. 
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ther  was  a  newborn  suffering  from  athrepsia.  We  may  add  to  the 
ist  a  few  cases  treated  by  Dr.  Declare  in  our  isolation  ward  at  the 
3oBpitai  of  La  Porte  d'Auberv'illiers,  several  of  them  with  success. 
Owing  to  his  scientific  temper,  Dr.  Ik'el^re  abstains  from  drawing 
my  conclusions  from  his  serumtherapy  method.  The  facts  are  too 
mmll  in  number  to  enable  one  to  form  a  well-founded  opinion.  There 
Bone  thing,  however,  that  can  meanwhile  be  affirmed,  viz.,  that  the 
Bttlhod  is  harmless.  The  serum,  even  when  administered  in  very 
large  ftmounts,  is  borne  perfectly.  Hence,  there  is  no  reason  for  not 
continuing  the  exjieriments.  Of  course,  the  patients  should  at  the 
same  time  be  treated  by  the  usual  means,  and  the  physician  should 
be  glad  to  find  a  useful  auxiiiarj'  in  serumtherapy.  In  view  of  the 
first  results  obtained  and  the  recent  investigations  pursued  by  Dr. 
Courmont,  we  may  conclude  that  the  action  of  the  vaccinal  serum 
should  be  increaspil  and  rendered  more  energetic.  Although  the 
calves  submitted  to  repeated  inoculations  do  not  seem  to  furnish  a 
more  efficacious  serum,  some  results  may,  perhaps,  be  arrived  at  by 
modifying  the  mode  of  introduction  and  by  injecting,  for  example, 
la^  amounts  of  vaccine  into  the  circulatory  system. 

Hydiophobift.  After  the  discovery  of  Richet  and  H^ricourt,  Babes 
pursued  ^  series  of  studies  on  antirabic  serumtherapy.  Tlien  fol- 
loKpd  Tizzoni,  Schwarz,  and  Centanni,  who  added  some  important 
iJata  to  the  controversy.  In  their  first  experiments  Babes  and  Lepp 
recogniied  that  a  dog  after  having  received  for  six  successive  days 
5  CTOi.  of  blood  of  a  vaccinated  dog,  t>ecomes  refractory  to  the  inocu- 
lation of  hydrophobia.  The  result  is  the  same  in  rabbits.  After 
•ilowing  four  dogs  to  be  bitten  by  hydrophobic  animals,  the  authors 
kept  two  of  them  as  controls.  These  died  within  sixteen  and  twenty- 
S'g'it  hours,  respectively.  The  other  two  received,  for  seven  days, 
l™  blood  of  the  vaccinated  ammals;  one  of  them  died  tardily,  the 
'''"er  resisted.  This  favorable  aetion  of  the  blood  probably  depends 
1*on  a  power  which  may  be  demonstrated  outside  of  the  organism. 
^bes  and  Cerchez,  and  Tizzoni  and  Schwarz  proved  that  when  the 
"*od  or  the  serum  of  a  vaccinated  dog  is  left  for  several  hours  in 
■^•itact  with  the  virus  of  hydrophobia,  the  latter  loses  its  pathc^nic 
•^perties.  This  action  seems  to  be  due  to  a  globulin  which  is  soluble 
'  glycerin,  precipitated  by  the  sulphate  of  magnesia  and  by  alcohol, 
*<i  does  not  pass  through  the  membrane  of  the  dialyzer  (Tizzoni 
Sd  Schwarz).  By  employing  strongly  immimized  animals  we  may 
*cceed  in  preparing  a  serum  of  very  great  activity.    From  this  point 
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of  view,  the  serum  of  Tizzoiii  and  Centanni  seenis  to  responii  W  i 
requirenientB-  It  is  prophylactic  in  the  proportion  of  1: 25,000! 
an  inoculation  of  hydrophobic  virus  practised  twenty-four  hw 
later;  in  other  words,  0.04  c.cin.  suffices  to  initnunize  a  rabbit  ffei( 
ing  1  kilogram.  The  proportion  falls  to  1  per  cent,  for  the  fixed  \v 
From  six  to  ten  times  larger  daws  must  be  employed  in  treat 
animals  already  inoculated.  These  doses,  however,  are  not  excesi 
since,  for  a  man,  they  would  not  exceed  the  amount  of  2Qor25grai 

It  would,  therefore,  be  advantageous  to  substitute  eerumlheri 
for  the  Pasteur  method  in  those  cases  in  which  rapid  acnw 
necessary.  Such  is  the  conclusion  reached  by  various  authori 
who  have  studied  this  question,  notably  that  of  Babes,  who,  a 
1891,  has  employed  this  therapeutic  method  with  success  in  patie 
who  had  been  bitten  by  hydrophobic  wolves. 

STphiUa.  As  all  animals  are  refractory  to  syphilis,  any  species  nu; 
be  chosen  for  the  first  serumtherapy  attempts.  The  dog,  the  she 
the  lamb,  the  calf,  and  the  rabbit  have  been  made  use  of.  T! 
sera  have  increased  the  strength  of  patients  and  hastened  cicfttii 
tion  of  rebellious  ulcerations.  This  is  practically  the  same  efietl 
is  at  times  produced  by  the  serum  of  normal  animals  in  tulwrci 
ulcerations. 

The  evolution  of  the  disease,  however,  did  not  seem  to  be  in  i 
wise  influenced  by  these  injections.  A  specific  serum  was,  therefi 
looked  for.  PellizKari  then  tried  the  method  which  yielded  res 
in  other  diseases.  He  injected  the  serum  obtained  from  syphil 
individuals  infected  for  a  greater  or  less  period  of  time.  The  res 
were  insignificant,  a  fact  undoubtedly  due  to  the  too  small  amm 
of  antitoxin  contained  in  the  blooti  of  a  syphilitic.  Hence,  it ' 
necessary  to  increase  the  therapeutic  action  of  the  serum.  Ift  I 
direction  an  attempt  was  made  by  G.  Mazza,  by  injecting  intoi 
mala  from  10  c.cm.  to  20  c.cm.  of  syphilitic  blood.  The  autl 
however,  does  not  seem  to  have  piu-sued  his  researches  with  mi 
persistence.  The  question  was  taken  up  by  Drs,  Richet,  H(^ricoi 
and  Triboulet,  who  prepared  their  animals — dog  or  ass — with  ■ 
blood  of  individuals  presenting  roaeolar  eruption.  A  few  days  Is 
they  bled  the  animals.  Three  patients  were  submitted  to  the  tre 
ment.  In  this  manner  they  obtained  a  more  or  leas  lasting  wi 
trization  of  ulcerations  which  had  resisted  specific  treatment,  and 
one  case  they  saw  the  disappearance  of  certain  symptoms  wl"! 
seemed  to  indicate  the  development  of  locomotor  ataxia. 
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At  that  time  Drs.  Gilbert  and  Fournier  published  an  important 
work  in  which  they  described  various  serumtherapy  procedures. 
Into  a  newly  infected  syphilitic  individual  they  injected  within 
twenty  days  204  c.cm.  of  serum  taken  from  an  old  case  of  syph- 
ilis. Under  the  influence  of  this  treatment  the  general  state  im- 
proved, the  aching  of  the  bones  and  head  disappeared,  and  the  erup- 
tions gradually  subsided.  The  results  were  fairly  good,  but  not 
entirely  satisfactory.  Gilbert  and  Fournier  then  resorted  to  goats 
and  dogs,  into  which  they  injected  syphilitic  blood  in  doses  of  from 
170  to  180  grams,  or  else  they  introduced  beneath  the  skin  of  the 
animals  indurated  chancres,  papulae,  and,  simultaneously,,  blood. 
Tlie  serum  obtained  from  these  animals  served  to  treat  seventeen 
patients.  In  a  few  cases  the  general  state  was  ameliorated  and  the 
strength  increased,  but  in  several  other  cases  the  method  completely 
failed.  As  the  authors  remarked,  it  is  conceivable  that  there  should 
be  hesitation  of  judgment  in  the  presence  of  such  contradictory  facts. 
Prom  the  perusal  of  published  observations  it  seems  that  the  serum 
derived  from  normal  as  well  as  from  prepared  animals  may  favorably 
modify  the  general  state  of  the  patients,  stimulate  the  reactions  of 
the  organism,  and  favor  cicatrization  of  atonic  lesions.  These  results 
point  out  the  indications  of  the  method.  In  a  general  manner,  how- 
ever, serumtherapy  is  considerably  inferior  to  the  classical  treat- 
Dtent.  A  similar  conclusion  is  arrived  at  by  Neumann,  who  reported 
a  few  hardly  satisfactory  attempts. 

^phyUctic  Injections  of  Serum.  Prophylaxis  or,  if  the  author  may 
8ay  80,  vaccination  by  serums,  is  superior  to  vaccination  by  attenu- 
ated microbes  or  soluble  products,  because  it  exerts  an  immediate 
wtion  and  does  not  cause  the  organism  to  pass  through  a  prepara- 
toy  phase  during  which  its  resistance  is  diminished.  On  the  other 
^d,  it  is  inferior,  because  the  immunity  which  it  confers  does  not 
*8t  long;  it  is  effective  only  for  a  few  days  or  weeks.  It  may,  there- 
^^,  be  theoretically  stated  that  it  is  useful  to  vaccinate  individuals 
y  means  of  attenuated  or  sterilized  cultures  in  the  presence  of  an 
^idemic  or  in  view  of  a  future  contamination ;  but  we  must  resort 
'  the  serum  in  case  of  urgency,  especially  when  we  fear  that  the 
object  may  already  have  been  contaminated.  Prophylactic  injec- 
^lis  of  serum  have  been  employed  in  several  circumstances,  notably 
puerperal  women,  in  wounded  individuals,  and  in  those  for  whom 
^  development  of  tetanus  is  feared;  finally  and  particularly,  in 
who  have  been  exposed  to  contamination  by  diphtheria.    The 
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observations  regarding  diphtheria  cases  are  sufficiently  numerous  t< 
support  a  conclusion. 

Roux  is  decidedly  in  favor  of  preventive  injections.  Behringi 
of  the  same  opinion.  He  advises  the  introduction  of  a  small  amoui 
of  serimi — 1  c.cm.  of  the  No.  1 — and  renewal  of  the  injections  evei 
six  weeks.  Unfortunately,  this  practise  does  not  seem  to  be  suf 
cient.  The  amount  administered  is  too  small  to  obtain  dural: 
immunity.  In  order  not  to  overload  our  work  with  statistics,  \ 
shall  be  contented  with  citing  those  given  by  KrasnobaeflF.  Out 
a  total  of  1965  individuals  preventively  injected,  there  were  43  cai 
of  diphtheria,  three  of  which  died.  Considering  the  results  obtain 
in  children's  hospitals  in  various  countries,  it  is  found  that  out 
344  prophylactic  injections  there  were  7  cases  of  diphtheria,  3 
which  proved  fatal. 

This  gives  a  death-rate  of  2.03  per  cent.  In  these  same  hos 
tals  in  non-injected  children  the  mortality  is  about  the  sar 
namely,  2.71  per  hundred. 

It  would  be  an  easy  matter  to  report  a  very  great  number  of  ca 
in  which  prophylactic  injections  have  failed  to  prevent  either 
development  of  the  disease  or  a  fatal  termination.  They  do  i 
therefore,  seem  to  be  very  efficacious.  Their  employment  mig 
nevertheless,  be  recommended  if  the  injections  were  absolutely  hai 
less.  Such  is  not  the  case,  however,  as  we  shall  sec  in  the  follow 
chapter.  And  it  is  no  wonder,  then,  that  the  prophylactic  method  d 
not  seem  likely  to  become  generally  adopted.  The  author  does 
believe  that  physicians,  experimenters,  or  students  connected  w 
diphtheria  wards  receive  from  time  to  time  inoculations  of  the  ser 
as  a  preventive  measure  or  give  such  injections  to  their  faiiiil 
They  are  not  to  blame  if  they  do  not  intervene  before  the  disea.^ 
manifested,  because  it  is  not  wise  to  run  the  risk  of  the  various  sen 
therapy  accidents  with  a  view  of  avoiding  an  eventual  contagi 
which  is  fortunately  of  very  rare  occurrence.  Although  it  may 
resorted  to  under  certain  circumstances,  for  instance,  when  epideii 
attack  a  college  or  a  ward  of  a  hospital,  or  in  families  in  which  < 
child  has  already  died  and  the  parents  fear  for  the  surv'iving  ehildr 
it  does  not  seem  that  the  method  should  be  currently  practised, 
tluTc  would  be  no  rea,son  for  not  regularly  injecting  in  the  near  fun 
with  \'arious  prophylactic  serums  with  that  of  typhoid  fever  as  vi 
as  of  erysipelas  and  pneumonia.  It  would  be  necessary  to  freijuen 
rei)eat  these  injections,  since  the  immunity  thus  conferred  is  tran 
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>ry.  This  would  tend  to  expose  one's  self  to  the  various  accidents 
[  which  we  are  now  about  to  speak. 

Icddents  Ascribable  to  Serumtherapy.  We  have  thus  far  reported 
aerapeutic  attempts  and  results;  we  have  studied  the  action  of 
?rums  regardless  of  the  modifications  and  accidents  which  may  be 
aused  by  their  use.  We  must  now  consider  this  important  question 
?hich  has  given  rise  to  a  great  number  of  contradictory  contri- 
lutions.  In  this  connection  we  may  refer  to  an  excellent  r(5sum^, 
lamely,  the  thesis  written  by  Dr.  Poix^  upon  our  advice.  It  is  a 
wy  complete  monograph,  from  which  we  shall  borrow  a  good  many 
acte. 

Ootaneoiis  Manifestations.  Abscesses.  Sermn  injections  may  pro- 
luce  abscesses.  This  is  not,  however,  an  accident  due  to  the  method, 
t  is  at  present  well  demonstrated  that  the  process  is  one  due  to 
arelessness,  to  insufficient  disinfection  of  the  skin  and  instruments, 
IT  to  an  alteration  in  the  serum.  Exception  is  to  be  made  only  with 
egard  to  the  antistreptococcic  serum  obtained  from  animals  immun- 
led  by  means  of  Uving  cultures.  The  living  microbes  may  then  be 
ound  in  the  fluid.  We  have  found  such  to  be  the  case  in  several 
stances  and  recognized  that  the  streptococci  had  preserved  a  cer- 
wn  d^ee  of  virulence.  On  the  other  hand,  numerous  observations 
^e  upon  man  prove  that  these  injections  may  give  rise  to  ab- 
besses, phlegmons,  lymphangites,  or  erysipelas,  which  are  at  times 
efficiently  grave  to  cause  serious  anxiety.  It  is  not  to  be  concluded, 
!>Wever,  that  the  antistreptococcic  serum  thus  prepared  is  to  be 
>andoned.  In  order  to  avoid  accidents,  it  suflSces  to  take  the  blood 
'onger  period  of  time  after  the  last  injection  of  the  culture  or  to 
ier  the  serum  through  porcelain.  These  precautions  are  evidently 
ite  elementary,  but  they  must  not  be  overlooked  when  a  product 
lestined  to  be  used  in  the  treatment  of  patients. 
buttthemata.  Exanthemata  are  far  more  important.  They  are  not 
i  abscesses,  due  to  defective  preparation;  they  depend  upon  the 
ion  of  the  serums  themselves,  and  seem,  therefore,  to  be  unavoid- 
e,  as  they  are  caused  by  normal  serum  as  well  as  by  various 
dicinal  serums.  They  generally  make  their  appearance  three  or 
jr  days  after  the  injection;  at  times  on  the  tenth  or  even  twentieth 
j^.    The  age  of  the  subject  does  not  seem  to  exert  any  influence, 


Poix.     Recherches  critiques  et  exp^rimentales  sur  le  s^niin  antidipht4rique  (son 
on  sur  rorganisme,  sea  accidents).    Thdse  de  Paris,  June,  1896. 


certain  rare  instances,  albuminuria,  hemorrha^: 
disturbances,  etc.,  appear  after  the  eruption. 

The  frequency  of  senimtherapy  eruptions  varies 
time  to  another,  which  is  partly  due  to  the  fact 
not  furnish  identical  serums.  There  are  some  the  sei 
invariably  cause  eruptions,  while  others  hardly  e 
It  seems  that  accidents  are  less  frequent  when  th( 
mitted  to  fasting  before  blood-letting  is  practised 
theless,  be  remarked  that  the  eruptions  appear  in  : 
cases.  This  ia  the  figure  given  by  Dubreuilh,  w 
observations.  The  same  author  ranges  the  various 
ing  to  their  frequency  in  the  following  manner : 
observations;  scarlatiniform  erythema,  46;  polyi 
niata,  31;  rubeoliform  erythemata,  11.  These  er 
make  their  appearance  from  the  fifth  to  the  thirtet 
injection.  They  quite  frequently  begin  at  the  poi 
invade  more  or  less  the  rest  of  the  skin,  but,  ii 
involve  the  face.  Urticaria,  the  most  frequent  ( 
nothing  peculiar  in  its  evolution.  It  is  benign  an 
their  name  indicates,  the  rubeoliform  eruptions  h 
measles,  with  which  they  might  be  confoimded  if 
examined.  At  times  pure,  they  may  often  be  mix{ 
form  eruptions.  The  latter  generally  occupy  the 
siufaces  of  the  extremities,  more  rarely  the  thorax. 
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three  to  six  days,  but  relapses  occur  in  a  certain  number  of  cases. 
They  are  often  attended  by  arthropathies. 

ArthropathieB.  Post-serumtherapy  arthropathies  are  simply  char- 
acterized by  particular  pains,  in  most  cases  coincident  with  eruptions, 
and  never  ending  in  suppuration.  The  only  observation  of  suppur- 
ated arthritis,  that  of  Broca,  is  so  complex  that  it  caimot  with  cer- 
tainty be  attributed  to  the  serum  injected.  The  articular  symptoms 
usually  occur  in  the  knee-joint  and  ankle-joint,  and  are  often  attended 
by  muscular  pain  or  neuralgia,  at  times  by  edema  in  the  back  of  the 
hands  and  feet.  These  arthropathies  commonly  disappear  with  the 
eruptions. 

General  State.  Beside  the  eruptions  and  articular  phenomena,  the 
patient  also  presents  a  number  of  general  manifestations.  Fever 
occurs  and  sometimes  reaches  104°  and  even  105.8°  F.  (40°  to 
41®  C).  There  are  digestive  and  urinary  disturbances.  These  mani- 
festations last  but  a  few  days,  but  the  patient  remains  pale  and  tired, 
fn  some  cases,  however,  the  disorders  may  last  for  several  weeks. 
I^e  must  now  consider  in  a  special  manner  two  series  of  phenomena 
*^hich  may  occur  separately :  hyperthermia  and  urinary  disorders. 
'•▼er.  Dr.  Variot  was  the  first  to  call  attention  to  the  fever  caused 
^  the  injection  of  serums.  He  proved  its  existence  by  comparing 
P^at  number  of  fever  charts.  We  are  able  to  confirm  his  obser- 
tiotis  on  this  point,  for  patients  who  arrive  at  our  hospital  ward 
'^^ted  to  adults  are  generally  apyretic.  It  is,  therefore,  very  easy 
^t>serve  in  them  the  occurrence  of  hyperthermia  and  to  refer  it 
'*^  true  cause.  The  febrile  movement,  which  is  often  of  a  slight 
'  transitory  character,  may  also  be  observed  when  serum  is 
^ted  as  a  prophylactic  into  normal  subjects.  The  temperature 
^  a  few  tenths  of  a  degree  or  even  two  degrees.    At  the  same  time 

Pulse  is  accelerated  and  sometimes  becomes  a  little  irregular. 
^^  thermal  elevations,  which  occur  a  few  hours,  sometimes  a  day 
^^0,  after  the  injection  of  the  serum,  are  not  to  be  wondered  at. 
^^  same  phenomena  occur  in  consequence  of  injections  of  normal 
nun.  This  fact  has  been  observed  in  man  as  well  as  in  animals. 
1^^  hyperthermizing  action  of  normal  serum  had  been  noted  by 
urselves,  then  by  Drs.  Mairet  and  Bosc;  but  we  had  practised  intra- 
Bnous  injections.  Poix  made  a  very  careful  comparative  study  by 
jecting  normal  as  well  as  antidiphtheritic  serum  into  rabbits, 
lese  injections  were  made  beneath  the  skin,  and  in  both  cases  gave 
e  to  very  decided  hyperthermia. 


gour,  etc.).  Hyperazoturia  generally  lasts  twenty- 
the  amount  of  urea  diminishes  and  returns  to  the 
same  time  there  is  a  notable  increase  of  phospha 
diminution  of  chlorides.  Karlinski,  experimentin 
found  that  a  subcutaneous  injection  of  10  c.cm.  pi 
and  no  urinary  modifications.  This  dose,  howevi 
small  for  an  adult.  By  injecting  larger  amounfa 
appearance  of  urticaria  and  an  increase  in  urea,  uri 
tinin.  These  urinary  modifications  lasted  three  da 
not  depend  upon  the  antitoxin,  since  the  author  ob; 
disorders  with  the  serum  of  a  normal  goat. 

Investigations  pursued  upon  animals  fully  con 
obtained  in  man.  Our  experiments'  and  those  of 
injections  of  serum  produce  slight  polyuria,  an  inci 
phosphates,  and  a  diminution  in  chlorides.  It  is  ti 
ever,  that  Poix  has  perfectly  demonstrated  tha 
modifications  are  likewise  produced  under  the  infl 
serum. 

All  that  remains  to  say  concerning  the  usual 
the  urinary  secretion  is  that,  according  to  Heckf 
constantly  observed,  and  that,  according  to  IjC  Gen 
may  be  observed.  It  now  remains  to  examine  with 
tion  a  more  serious  accident  with  regard  to  which  ll 
agreement.    We  refer  to  albuminuria. 
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reason,  that  it  was  necessary  to  study  the  question  by  experimenta- 
tion upon  animals.  Unfortunately,  the  results  obtained  have  been 
quite  contradictory.  Vissman  foimd  that  the  kidneys  were  con- 
gested, and  he  discovered  by  microscopic  examination  that  the 
vessels  were  overloaded  with  blood  and  the  cells  of  the  tubuli  filled 
with  refractive  granulations.  The  histological  examinations,  how^- 
ever,  were  made  upon  fresh  tissues,  because  the  author  beUeved 
that  reagents  would  prevent  him  from  seeing  the  lesions.  In  the 
experiments  of  Kossorotoff  the  alterations  were  more  marked. 
Tliere  was  hyperemia  in  the  liver  and  kidneys,  and  cloudy  and 
granular  degeneration  of  the  cells.  The  results  obtained  by  Von 
Kahlden  were  altogether  different.  A  rabbit  received  16  c.cm.  in 
four  days;  a  guinea-pig  received,  in  the  same  period  of  time,  12  c.cm. 
Jficroscopic  examination  revealed  no  lesion  in  the  kidneys  and 
myocardium.  Nor  did  Zagari  and  Calabrese  observe  any  renal 
lesions  in  the  animals  which  had  received  serum.  Poix  injected 
into  rabbits  from  5  to  15  c.cm.  of  antidiphtheritic  serum;  two 
animals  received  25  c.cm.  in  three  doses.  Histological  examination, 
made  by  Dr.  Comte,  revealed  no  appreciable  alteration. 

It  seems,  therefore,  that  the  serum  injected  into  rabbits  and 
pmiea-pigs  produces  no  renal  alterations.  This  result  evidently  has 
considerable  value,  but  its  importance  should  not  be  exaggerated. 
Jt  must  not  be  concluded  that  the  serum  is  incapable  of  producing 
^y  alterations  in  man,  since  animals  possess,  in  this  respect,  far 
K'^ter  resistance.  All  experimenters  who  have  attempted  to  create 
^Phintis  or  albuminuria  in  animals  know  how  difficult  it  is  to 
^^^^^^ed  if  brutal  measures  are  not  resorted  to;  they  also  are  aware 
'^^  what  faciUty  the  manifestations  subside  and  disappear.  On 
^®  other  hand,  it  should  not  be  overlooked  that  different  animals 
*^  differently  against  various  serums.  It  seems,  for  example, 
*^  the  rabbit  is  far  more  sensitive  than  man  to  bovine  serum; 
'^^^y,  however,  be  the  reverse  with  regard  to  horse  serum.  Let 
^ow  see  what  occurs  in  man.  Martin  and  Chaillou  think  that 
^  Serum  hinders  the  action  of  the  toxin  upon  the  kidneys  and 
"^iderably  diminishes  albuminuria.  This  conclusion  may  be 
^^^tted  with  certain  reservation.  It  is  possible  that  the  serum, 
^^ti  injected  at  the  beginning  of  the  infection,  by  arresting  the 
^^-infectious  process,  prevents  the  ulterior  alteration  of  the  kidneys ; 
^  action  is  like  that  of  salicylate  of  soda,  which,  by  opposing  the 
'Volution  of  acute  articular  rheumatism,  diminishes  the  frequency 
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of  endocarditis.  This,  however,  is  only  a  theoretical  deduction  ( 
conception,  since  accurate  information  on  this  subject  ia  lacking. 

AVhen  albuminuria  exists  the  serum  does  not  seem  to  ameliorat 
it.  It  is  not  strange  that  such  should  be  the  case.  The  Bemni 
no  more  capable  of  curing  a  renal  lesion  than  salicylate  of  sods' 
of  curing  rheumatic  endocarditis.  The  anatomical  alteration,  ^( 
once  established,  continues  its  evolution;  the  serum  is  capable  on 
of  preventing  its  development.  Some  authors,  however,  go  furth 
and  accuse  tlie  Berum  of  aggravaitng  pre-existing  lesions,  a  questii 
very  difficult  of  solution.  It  is  evidently  necessary  to  resort 
experimentation  to  determine  the  result  of  the  injections  of  sen 
into  animals  in  which  renal  alteration  has  previously  been  creatt 
This  question  was  investigated  by  Ritter,  who  noticed  that  t 
serum,  when  injected  into  animals  recovering  from  artificial  album! 
una,  causes  reappearance  of  albunun  in  the  urine.  On  the  oti 
hand,  Zagari  and  Calabrese  injected  serum  into  individuals  suffi 
ing  from  chronic  nephritis,  and  did  not  observe  any  increase 
albuminuria.   The  question,  therefore,  requires  more  thorough  stu( 

There  remains  a  last  group  of  cases  in  which  the  serum  see 
surely  to  cause  albuminuria.  Such  is  the  case  when  remote  po 
serumtherapy  symptoms  super\'ene.  Several  days  after  the  injecti 
of  the  serum,  when  eruptions,  articular  symptoms,  and  febi 
movement  occur,  albuminuiia  also  may  be  observed.  In  this  instar 
it  is  ([iiile  difficult  not  to  attribute  the  urinarj'  disorder  to  t 
influence  of  the  serum;  for,  in  cases  of  diphtheria  treated  by  t 
usual  procedures,  albuminuria  seldom  makes  its  apix-arancc 
taT'dilj'.  On  the  other  hand,  the  sym])tom  forms  part  of  a  vh 
series  of  disturbances  constituting  a  sort  of  clinical  entity:  there 
no  reason  for  separating  it  from  the  rest.  In  most  cases,  tin 
albuminurias  are  transitory.  In  some  instance.*,  however,  tli 
have  provptl  (juite  gerioiis.  Elsewhere,  the  renal  disorder  lia^  1« 
expressed  by  anuria,  and  in  other  cases  by  a  hemorrhagic  neplirii 
Tlie  latter  manifestation  seems  to  us  interesting  because,  in  ' 
genesis  of  ])ost-serumtherapy  accidents,  hemorrhages  play  an  i 
portant  role.  Experimenters  had  already  observed  multiple  hemi 
rhagcs  in  conscijuence  of  the  introduction  of  foreign  blood  cir5fn 
into  animals. 

HemorrliaffeB,  Besides  beniorrhagic  nephritis  and  cutanft' 
hemorrhages,  notably  purpura,  the  serum  has  sometimes  givpn  ri 
to  epistaxis  and  uterine  hemorrhages.     D'Astros  made  a  carel 
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of  the  action  of  serum  upon  the  uterine  functions,  and  found 
irhen  it  is  applied  at  the  time  of  menstruation  it  increases  the 
during  the  interval  it  brings  it  on.  Metrorrhagia  appears  the 
Dllowing  the  injection,  or  later.  It  generally  coexists  with  a 
ecus  eruption.  However,  in  a  case  in  which  the  serum  was 
ed  into  a  pregnant  woman,  the  progress  of  pregnancy  was  in 
e  disturbed. 

Meations  in  the  Blood.  It  is  difficult  to  say  whether  hemor- 
8  following  serumtherapy  result  from  an  action  exercised  upon 
jsomotors  or  upon  the  blood  itself.  It  is  known  that  the  serum 
ices  some  interesting  modifications  in  the  constitution  of  the 
.  It  diminishes  leucocytosis.  This  is  not  a  common  action 
dered  by  any  serum  whatever.  The  researches  of  Ewing 
Y  demonstrated  that  it  is  due  to  a  specific  action  of  the  anti- 
He  proved  it  by  experiments  upon  animals  and  observations 
n.  Hypoleucocytosis  lasts  twenty-four  to  forty-eight  hours, 
specially  the  mononuclears  and,  among  the  polynuclears,  those 
ire  stained  with  difficulty,  that  disappear.  The  polynuclear 
hat  are  well  stained  do  not  present  any  modifications.  It  is 
bly  a  process  of  negative  chemio taxis,  which  causes  such  an 
lulation  of  leucocytes  in  the  viscera  that  it  has  been  questioned 
er  it  is  not  dangerous. 

rther  interesting  phenomenon  is  the  fact  that  the  serum 
ses  the  aptitude  of  the  leucocytes  for  taking  up  dyes.  Toxins 
I  reverse  effect.  In  those  cases  in  which  the  injection  of  serum 
lot  cause  the  reappearance  of  a  normal  tinctorial  reaction  in 
icocytes,  prognosis  may  be  considered  as  fatal.  If  these  facts 
•onfirmed  they  would  constitute  a  very  simple  means  of  fore- 
;  the  evolution  of  diphtheria.  For  the  time  being  we  must  be 
ited  with  the  fact  that  the  number  of  leucocytes  imdergoes 
ions.  On  this  point  the  investigations  of  Schlesinger  have 
med  those  of  Ewing:  Out  of  twenty-four  children  suffering 
diphtheria,  in  twenty-one  the  injection  of  serum  first  caused 
lytosis  to  disappear;  this  was  followed  by  a  slight  secondary 
lytosis. 

se  results  are  evidently  interesting  in  view  of  the  important 
^hich  the  leucocytes  play  in  the  protection  of  the  organism, 
"or  this  reason  that  authors  have  devoted  special  attention  to 
jring  cells.  It  is  to  be  regretted,  however,  that  they  have 
ted  the  red  globules.    The  question  was  taken  up  only  by 
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Zaggari  and  Calabrese,  who  observed  a  diminution  in  the  numb 
red  corpuscles  and  of  then*  richness  in  hemoglobin.  These  reseai 
are  particularly  welcome  for  the  reason  that  serum  has  been 
responsible  for  some  grave  and  rebelUous  anemic  conditions, 
dren  who  had  received  it  as  a  preventive  are  said  to  have  for  mc 
remained  pale,  weak,  and  to  have  presented  furuncular  erupl 
which  means  a  marked  disturbance  in  their  nutrition  and  dev 
ment.  This  conclusion  finds  support  in  Dr.  Arloing's  investigal 
This  author  studied  the  development  of  yoimg  guinea-pigs 
which  he  daily  injected  small  amoimts  of  normal  or  antidiphth 
serum.  While  the  controls  increased  34  per  cent,  of  their  i 
weight,  the  animals  which  received  normal  as  well  as  immui 
serum  increased  only  19  or  even  16  per  cent.  The  foreign  s 
thus  exercises  a  harmful  action,  and  the  longer  the  serum  is  ac 
istered  the  more  marked  is  this  action.  Of  course,  the  quan 
introduced  were  relatively  more  considerable  than  in  the  ca 
the  child,  but  we  know  how  resistant  animals  are.  Without 
ducing  such  harmful  results,  they  are  bad  enough  if  only  nut 
is  disturbed  and  development  hindered. 

Other  Accidents  Ascribable  to  Semm.  Other  disorders  atti 
able  to  the  use  of  the  serum  have  been  observed  in  the  course  of 
sermntherapy  syndrome,  coincidently  with  eruptions  and  art! 
athies.  These  disturbances  consist  in  vomiting,  profuse  diai 
sometimes  dysinteriform  and  sanguinolent  diarrhea,  swelling  c 
lymphatic  glands  and  spleen,  and,  finally,  cardiac  disorders, 
latter  seem  to  be  quite  frequent,  at  least  according  to  observe 
published  in  foreign  countries. 

Baginsky,  who  later  on  changed  his  opinion,  Hunnius,  Schrc 
and  Springoruni  dwell  upon  cardiac  arythmias,  tachycardia 
bruit  de  galop.  They  likewise  noted  edema  of  the  extren 
which  indicates  considerable  weakness  of  the  heart,  and  rep 
observations  in  which  these  various  disturbances  were  quite  s( 
and  alarming.  In  a  case  concerning  a  young  woman  twenty 
of  age  we  observed  some  interesting  nervous  manifestations 
taking  care  of  a  three-year-old  child  suffering  from  diphtheri 
had  been  bitten  by  the  child  and  received  two  small  abra^ioi 
her  middle  finger.  On  the  follo^ving  day,  the  physician  feariii; 
development  of  cutaneous  diphtheria,  hastened  to  inject  40  < 
of  serum  into  the  young  woman,  and  sent  her  to  oiu*  hospital, 
wounds  presented  a  good  appearance  and  seemed  in  nowise  t 
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ritic.  For  greater  safety,  however,  cultures  were  made,  which 
iwiistrated  the  presence  of  no  other  microbes  than  the  staphylo- 
«us  albus.  Eight  days  later  the  symptoms  of  serum  intoxication 
)eared,  with  fever  progressively  attaining  100.4°  and  102.2°  F. 
?  and  39°  C.)  and  articular  pains.  Two  days  after,  this  woman  had, 
the  first  time  in  her  life,  a  well  characterized  attack  of  hysteria. 
)m  that  moment  on  a  series  of  neurotic  manifestations  appeared. 
«t,  convulsive  attacks  which  recurred  for  three  days  in  succession; 
m  the  patient  became  indifferent  to  everjrthing  about  her,  hardly 
(lying  to  questions.  The  temperature  oscillated  around  104°  F. 
I®  C),  and  pulse  120  per  minute;  the  tongue  was  dry.  A  few 
jTB  later  she  suffered  from  anuria  for  forty-eight  hours ;  then  she 
i  mutism  for  two  days ;  after  that  the  patient  fell  into  an  ecstatic 
te  which  lasted  for  a  week.  A  month  after  the  beginning  of  the 
turbances  she  recovered. 

't  might  be  supposed  that  in  this  observation  the  question  was 
i  of  traumatic  hysteria,  excited  by  the  biting.  The  appearance 
nervous  symptoms  forty-eight  hours  after  the  beginning  of  the 
er  caused  by  the  serum,  however,  seems  to  indicate  that  it  was 
ase  of  toxic  hysteria  and  that  the  injection  of  the  serum  had 
ai  the  cause  of  the  manifestations. 

^gnosis  of  Semmtherapy  Accidents.  We  have  above  described 
phenomena  which  may  be  attributed  to  serumtherapy.  These 
avorable  symptoms  have  been  observed  mostly  in  consequence 
he  use  of  antidiphtheritic  serum.  This  is  due  simply  to  the  fact 
t  this  serum  is  the  only  one  currently  employed,  since  it  seems 
be  well  demonstrated  that  the  majority  of  these  phenomena 
not  due  to  the  antitoxin,  but  to  an  action  possessed  by  all 
ign  serums. 

IX  injection  of  serum  almost  always  gives  rise  to  a  reaction,  such 
I'ansitory  elevation  in  the  temperature,  which,  in  most  cases, 
lly  deserves  the  name  accident.  This  reaction,  however,  may 
lire  alarming  intensity  in  certain  subjects  who  are  already  sick. 
\  may  occur  notably  in  tubercular  patients.  Roux  and  Variot 
ie  that  the  serum  does  not  produce  good  results  in  this  disease; 
tXKiuces  certain  disturbances,  and  such  is  the  opinion  of  several 
lorities.  The  injection  of  serum  gives  rise  to  a  congestion  just 
an  injection  of  tuberculin.  In  several  personal  cases,  one  of 
3h  was  reported  in  Poix's  thesis,  we  found  that  the  injection 
0  c.cm.  of  serum  caused  a  notable  elevation  in  the  temperature 
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and  aggravated  the  general  state  of  the  patient.  In  the  case  pub 
lished  by  Poix  the  patient  died  seven  dajrs  later,  and  the  necrops; 
revealed  advanced  tubercular  lesions.  It  is  difficult  to  say  ^a 
the  respective  r61e  of  tuberculosis,  of  diphtheria,  and  of  the  seruii 
had  been  in  this  fatal  termination.  We  beUeve,  however,  that  ii 
cases  of  tuberculosis,  at  least  of  adults  whose  lesions  are  well  pre 
nounced,  it  is  necessary,  if  diphtheria  is  not  too  grave,  to  abstai 
from  injecting  serum  and  have  recourse  to  simple  local  treatment. 

Barring  this  particular  case,  truly  serious  accidents  are  tha 
which  constitute  the  tardy  syndrome.  While  in  most  cases  tl 
phenomena  are  transitory  and  in  nowise  disquieting,  they  at  tim 
last  for  four  and  five  weeks.  In  other  instances  terrible  manifest 
tions,  such  as  anuria  and  collapse,  have  been  observed  (TTiibierge 
It  is  true,  however,  that  except  in  a  few  cases  the  patients  ha 
generally  recovered. 

We  here  arrive  at  a  much  disputed  problem.  May  death  resi 
from  serumtherapy?  We  may  recall  the  communication  of  Moiza 
and  H.  Bouchard^  and  the  bitter  discussion  to  which  it  gave  ri 
Guinon  and  Rouffilange*  published  an  analogous  case,  and  oth( 
may  easily  be  found  in  foreign  Uterature.  It  is  true  that  sevei 
of  these  cases  cannot  bear  criticism;  such  is  notably  the  straD 
observation  of  Langerhans'  boy.  Tliere  are  others,  however,  whi 
!  cannot  be  easily  explained  away.    One  such  interesting  case  i&  th 

related  by  Izor  Alfoldi:     Forty-eight  hours  after  an  injection 
2  c.cm.  of  Behring's  serum  No.  1,  administered  as  prophyla<?t 
a  three-year-old  child  developed  fever.     The  temperature  rose 
104°  F.  (40°  C.)  attended  by  lumbar  pains  and  much  albuminur 
On  the  third  day  the  child  had  nausea,  an  eruption  of  petecliia 
the  body,  and  died  the  fourth  day.    The  mechanism  of  these  pher 
mena  is  o])en  to  discussion,  but  it  is  hardly  possible  not  to  adn 
a  relation  of  cause  and  effect  in  the  fact  of  so  typical  a  synclroi 
appearing  a  few  days  after  an  injection  of  the  serum  in  a  ch: 
which  until  then  was  perfectly  healthy.    It  seems  to  me  that  iiothi 
is  gained  by  systematically  explaining  away  such  observations 
interpreting   them  in  such  a  manner  as   to  clear  serumtherapy 


*  Moizard  and  Bouchard.     Un  cas  d'angine  non-dipht6riqiie,  trait<»  par  1«*  s^nini,  ?"iii 
dc  mort.     Sociot<f*  medicalo  des  h6pitaux,  July  5,  1895. 

2  GuinoTi  and  Rouffilange.      Un  cas  d'angine  menibrancu.so  trait<^  par  le  s*^nini  i 
Roux;  mort   avoc  anurie  et   convulsions  ur^miqucs.      Revue  mens,  des  maJadi 
rpnfance,  March,  1895. 
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all  responsibility.    It  is  better  to  acknowledge  frankly  that  senims 
may  produce  some  accidents.    At  all  events,  what  medicine  may 
be  considered  perfectly  harmless?    Is  there  any  active  substance, 
even  chemically  well  defined,  which  never  occasions  any  disturb- 
ances?  Only  those  who  endeavor  forcibly  to  transfer  mathematical 
data  into  the  domain  of  biology  can  imagine  that  it  is  possible  to 
fe  immutable  doses  and  establish  a  formula  in  which  dangerous 
and  fatal  doses  will  be  precisely  indicated.    In  reality,  facts  are 
more  complex.    The  experimenter  himself  must  take  into  account 
the  individual  peculiarities  of  animals.    As  regards  serums  particu- 
brly,  individuals  of  the  same  race,  age,  and  weight  react  very 
lifferently  against  the  same  fluid.    The  investigations  of  Hayem, 
Ifairet,  Bosc,  and  of  ourselves,  demonstrated  this  fact  beyond  all 
lispute.   The  same  is  undoubtedly  true  of  man,  whose  idiosyncrasies 
are  far  more  marked.    In  proportion  as  the  nervous  functions  are 
aore   perfected  and  complicated  the  results  become  less  and  l.ess 
ixed,  T^le  sensitiveness  to  toxic  agents  becomes  more  and  more 
ffonounced.^ 

We  should  say  that  the  disturbances,  at  any  rate  exceptional, 
iduch  may  occur  in  consequence  of  serum  injections,  must  by  no 
aeans  restrict  the  employment  of  the  method,  but  impel  experi- 
aenters  and  clinicians  to  perfect  it.  Since  most  of  the  dangerous 
phenomena  are  due  to  the  serums,  and  are  independent  of  the 
antitoxin,  the  efforts  of  experimenters  should  be  directed  to  the 
^reparation  and  isolation  of  the  active  substance.  The  day  when 
?e  possess  a  product  which,  if  not  pure,  is  at  least  freed  from  a 
jesA  number  of  useless  or  harmful  substances,  decided  progress 
nil  have  been  accomplished.  Meanwhile,  we  are  fortunate  to 
)068ess  a  therapeutic  method  which  has  notably  reduced  the  death- 
ate. 

OauBes  and  Mechanism  of  the  Accidents.  It  is  impossible  to 
irgue  to-day  that  the  disturbances  following  serumtherapy  are  due 
o  diphtheria  itself,  or  that  they  are  produced  only  after  such  grave 
ases  of  diphtheria  which,  without  the  new  treatment,  would  termi- 
late  in  death.  The  appearance  of  similar  manifestations  in  healthy 
ubjects  who  have  received  preventive  injections,  or  in  persons 
offering  from  non-diphtheritic  anginas,  suffices  to  invalidate  this 

^  There  will  be  found  a  number  of  facts  demonstrating  individual  sensibility  to  toxic 
gent  in  the  author's  article, ''  Intoxications/'  Traits  de  pathologic  g^n^rale,  Paris,  1895, 
'ol.  i.  p.  849. 
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explanation.  On  the  other  hand,  identical  disturbances,  not  only 
eruptions,  but  articular  symptoms,  fever,  gastric  disorders,  and 
hemorrhages  occur  in  consequence  of  injections  of  normal  serums. 
It  is  not,  therefore,  the  antitoxin  that  is  responsible  for  the  disorders 
but  the  introduction  of  a  foreign  serum. 

It  cannot  be  objected  that  nothing  of  the  kind  occurs  when  the 
blood  of  horses  is  injected  into  rabbits,  for  it  is  possible,  with  other 
serums,  to  obtain  results  comparable  to  those  occurring  in  man. 
If  the  blood  of  dogs  is  introduced  into  rabbits,  albuminuria  and 
hemorrhages  often  appear.  The  results  are  still  more  interesting 
when  cow's  serum  is  injected  into  dogs.  According  to  Dr.  Haym 
considerable  individual  differences,  resistances  altogether  dissimilai 
from  one  individual  to  another,  are  observed.  The  same  injectioi 
may  produce  nothing  in  one  dog  and  cause  in  another,  apparentlj 
identical  with  the  first,  hemorrhages,  anuria,  or  albuminuria,  anc 
even  death.  This  is,  therefore,  as  far  as  is  possible  in  experimentation 
the  reproduction  of  what  occurs  in  clinical  experience. 

These  facts  will  serve  to  refute  a  very  ingenious  theory  advanced 
by  Sevestre.*  This  able  clinician  divides  serumtherapy  disturbance 
into  three  groups :  Those  immediately  following  the  injection  ol 
the  serum,  viz.,  elevation  in  the  temperature  and  acceleratioi 
of  the  pulse — accidents  w^hich,  like  the  preceding  ones,  are  clue  t( 
the  serum.  Such  is  flying  urticaria,  appearing  from  the  fourth  t( 
the  sixth  day.  Finally,  the  tardy  disturbances,  namely,  those  o: 
a  serious  character,  including  various  exanthemata,  albuminuria  anc 
articular  disorders.  Regarding  these  Sevestre  does  not  admi 
that  thev  are  due  to  the  action  of  the  serum,  but  he  attribute: 
them  to  the  influence  of  streptococci,  viz.,  to  secondary  infections 
His  theory  has  not  many  adherents.  It  seems  to  me  hard!] 
accej)tahle,  for,  as  it  has  already  been  stated,  the  serum  causes  th 
same  disturbances  in  individuals  suffering  from  chronic  infectioni= 
and  in  normal  subjects.  All  that  may  be  admitted  is  that  by  (fe 
turbing  the  organism  the  serum  may  favor  the  development/^: 
microbes  until  then  inoffensive.  It  may  also  be  admitted  thai 
certain  symptoms  are  of  an  infectious  order.  For  instance,  dysenteri- 
form  diarrheas  may  be  due  to  exaltation  of  intestinal  bactem 
Analogous  symptoms  are  observed  in  the  course  of  a  great  nuruix^J 
I  of  intoxications.     A  well-known  instance  is  mercmial  stomatiti^^r 

Jj  *  Sevestre.     Des  accidents  imputables  A  la  s '^rumtht^rapie  ou  au  strepttX!oque  dan- 

.]  la  dipht^'rie.     Soc.  mc^d.  des  h6pitaux,  July  19,  1895. 
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mteritis.  The  microbes  of  the  mouth  and  of  the  intestine  cause 
these  lesions,  but  their  action  is  rendered  possible  through  the 
intervention  of  mercury.  Mercurial  stomatitis  and  enteritis  must 
remain  among  toxic  affections,  and  the  same  is  true  of  post-serum- 
therapy  accidents. 

Among  the  substances  contained  in  the  serum,  it  is  the  albumins 
that  are  probably  the  active  agents.  The  numerous  experimental 
investigations  which  have  shown  the  dangers  of  heterogenous  trans- 
fusions have  demonstrated  that  all  the  disturbances  depend  upon 
albuminoid  matters.  On  the  other  hand,  the  researches  of  Mairet 
wd  Bosc  proved  that  heating  the  serum  between  132.8°  and  138.2®  F. 
[5^  and  59°  C.)  may  abolish  its  coagulating  and  globulicidal  prop- 
rties,  but  its  toxic  action  remains  intact.  Therefore,  the  blood 
oes  not  produce  disturbances  by  destro3dng  the  globules  of  the 
ansfused  individual  or  by  causing  coagulation  in  the  vessels. 
For  the  time  being  we  are  unable  to  further  elucidate  the  mechan- 
n  of  the  phenomena.    We  do  not  know  whether  the  direct  action 

the  foreign  albumin  or  that  of  the  products  resulting  from  its 
composition  are  responsible,  or  whether  we  must  admit  the 
3ondary  formation  of  noxious  products  within  the  organism. 
Xlode  of  Action  of  Therapeutic  Serums.  After  all  the  develop- 
ents  above  presented  regarding  the  chemical  modifications  occur- 
ng  in  vaccinated  animals  and  concerning  the  special  characters  of 
leir  serums,  the  mode  of  action  of  the  latter  will  be  briefly  con- 
ciered. 

Two  piincipal  theories  have  been  advanced:  One  of  them 
:ideavors  to  reconcile  the  results  of  serumtherapy  with  the  ex- 
lusively  phagocytic  doctrine;  the  other  seeks  for  a  pm-ely  humoral 
'^planation.  In  the  first  place,  it  is  supposed  that  therapeutic 
^nuns  act  by  stimulating  the  activity  of  the  wandering  cells  and 
y  increasing  their  phagocytic  power.  If,  in  certain  instances,  the 
'Hxin  acts  more  energetically  when  injected  into  the  adjacent  parts 

ft  local  lesion,  this  is  due  to  the  fact  that  it  exercises  a  positive 
^^Hiotactic  action;  it  calls  out,  so  to  say,  and  attracts  the  leuco- 
"t^  to  the  point  threatened.  The  active  substance  would  then 
^rve  the  name  stimulin. 

Several  objections  could  be  raised  against  this  hypothesis.  By 
^^ans  of  very  ingenious  experiments,  Denys  and  Leclef  demon- 
^ated  that,  in  rabbits  vaccinated  against  the  streptococcus,  the 
^oocytes  are  not  more  active  and  aggressive  than  in  normal  rabbits. 
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Whether  or  not  the  animals  are  refractory,  the  leucocytes  do  not 
attack  the  \drulent  microbes ;  they  seize  only  those  which  have  been 
altered  by  the  cm-ative  senim.    These  researches  bring  us  to  the 
theory  which  we  have  always  advocated,  viz.,  that  immunity  is  the 
result  of  the  co-operation  of  two  principal  factors :  the  plasma  or  the 
serum,  which  temporarily  weakens  the  microbe,  and  the  leucocyte, 
which  picks  up  and  destrojrs  it.    Were  it  not  for  the  previous  action 
of  the  fluids  the  phagocytes  would  be  powerless  and  the  infection 
would  develop,  and  without  the  terminal  action  of  the  phagocytes 
the  microbes,  which  were  temporarily  weakened,  would  finally  prove 
victorious,  as  they  do  in  vitro  ;  the  infection  would  be  delayed  but 
not  arrested. 

Let  us  apply  these  data  to  serumtherapy.     By  injecting  the 
prophylactic  or  curative  senun,  we  assist  an  organism  which  secret© 
antibacterial  or  antitoxic  substances ;  since  from  the  very  beginning 
of  the  infection,  or  at  least  in  some  cases,  the  organism  reacts  agiunst 
the  microbe  and  endeavors  to  oppose  it  by  substances  which  hinder 
its  development.    This  protective  secretion  may  be  insufficient  or 
tardy.    We  then  come  to  the  assistance  of  the  struggling  economy' 
by  furnishing  it  with  substances  formed  in  another  organism.    If 
the  animal  furnishing  the  blood  is  endowed  with  an  immunity  just 
sufficient  for  itself,  its  fluids  will  prove  to  be  of  moderate  actiuty^ 
and  the  result  will  be  almost  negative.     If,  on  the  contrary,  the^ 
animal  is  liypervaceinated,  its  fluids  \\ill  contain  an  excess  of  pro- 
tective substances,  and  the  small  amount  injected  will  contain  »■ 
sufficient  quantity  of  antibacterial  or  antitoxic  matters  to  favorably 
modify  the  morbid  evolution. 

Serumtherapy  is,  therefore,  nothing  else  than  a  variety  of  anti- 
septic or  antidotal  medication.     In  the  case  of  an  antibacteria  1 
serum,  serumtherapy  introduces  into  the  organism  a  specific  anti  - 
septic  which  hinders  the  vegetation  and  activity  of  the  microbe^- 
When  the  serum  is  antitoxic  it  introduces  a  substance  which  affect:^ 
the  cells  of  the  patient,  increases  their  resistance  or  prevents  their 
impregnation.    While  the  theory  of  stimulins  may^  be  comprehendei/ 
when  we  consider  the  struggle  against  living  bacteria,  it  is  no  longer 
intelligible  when  we  consider  the  antitoxic  role  of  serums.    In  fact. 
the  experiments  of  Chatenay  and  Metchnikoff  demonstrate  that  the 
numl)er  of  the  leucocvtes  diminishes  when  the  animal  succumb?  to 
an  intoxication,  and  that  it  increases  if  the  animal  is  vaccinated  aiil 
rendered  resistant.    Must  it  be  concluded  that,  in  the  latter  instance, 
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5  leucocytes  pick  up  the  toxic  substances,  and  must  we  thus 
tend  to  all  the  poisons  the  theory  which  some  authors  endeavor 

establish  concerning  peptone?  Such  conclusions  seem  to  be 
nnature.  To  deduce  such  an  important  action  from  the  simple 
it  that  the  leucocj'tes  increase  in  number  when  a  toxic  substance 
QJected  into  a  refractory  animal  seems  to  us  to  make  too  much 
such  a  result.  Before  admitting  or  rejecting  the  hypothesis  wc 
et  demand  experimental  facta,  and  especially  a  careful  demon- 
ation  of  the  r6ie  played  by  tlie  antitoxic  functions  of  organs  in 
icinated  animals.  Serums  have  such  an  important  specific  action 
it  no  one  has  given  any  attention  to  the  other  etiects  which  they 
Ly  produce  in  the  organism.  In  order  to  completely  appreciate 
!ir  mode  of  action  and  explain  certain  cases  in  which  a  serum 
J  acted  against  an  infection  of  another  nature,  it  must  be  re- 
mbered  that  the  normal  serum  or  even  saline  solutions  may  very 
'orably  modify  the  course  of  various  infectious  or  non-infectious 
leases.  We  have  already  stated  that  the  serum  of  certain  animals 
capable  of  favoring  cicatrization  of  the  most  varied  ulcerated 
ions,  notably  syphihtic  and  tubercular  lesions.  Reinach  tried  in 
oiera  infantum  the  serum  of  cows  or  horses,  of  which  he  injected 
"a  10  to  20  c.cm.  Out  of  twenty-five  cJiildren  thus  treated  only 
D"  died,  and  thrae  suffered  from  pneumonia.  In  consequence 
the  injection,  the  pulse  improverl,  cyanosis  disappeared,  and  the 
femities  became  warm.  These  good  results  are  probably  due, 
ieast  in  part,  to  the  nutritive  value  of  the  serum.  According  to 
I  author,  20  c.cm.  of  serum  correspond  to  150  grams  of  mother's 
t.     It  may  be  asked,  however,  whether  the  serum  of  animals, 

Baline  solutions,  does  not  exert  an  indirect  action  upon  infections 
ttiodifying  the  state  of  the  nervous  system.  The  results  obtained 
the  treatment  of  neurasthenia  and  the  modifications  produced 
lie  arterial  tension  give  a  certain  value  to  this  hypothesis.  These 
mdary  influences  may,  of  course,  be  ignored  when  we  consider 
I  action  of  specific  serums.  They  are  interesting  only  when  we 
k  for  an  explanation  of  the  favorable  efTects  obtained  with  such 
ums  as  are  of  moderate  activity  or  which  are  obtained  from 
mal  animals. 

londnsions.  In  spite  of  the  numerous  investigations  to  which 
imtherapy  has  given  rise,  we  must  acknowledge  that  it  has  not 
m  undeniable  practical  results  except  in  diphtheria.  Even  in 
I  instance  its  efficacy  is  not  so  great  in  man  as  would  be  expected 
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from  experiments  pursued  upon  animals.  The  same  remark  is  a 
cable  with  more  force  to  other  serums,  all  of  which  are  capah 
saving  laboratory  animals  experimented  upon  and  so  often  fail ' 
tried  on  patients.  This  divergence  between  clinical  and  experim 
results  may  readily  be  explained.  The  animals  upon  which  ej 
raente  are  pursued  have  been  made  ill  by  artificial  means.  C 
quently,  they  were  in  a  state  oE  perfect,  health  and  in  nowise  di^ 
to  be  mvaded  by  the  infection.  It  was  necessary  to  overcome 
resistance  brutally,  and  this  unexpected  arrival  of  microbes  an 
immediately  a  prompt  and  vigorous  reaction  on  the  part  o 
organism  invaded.  On  the  other  hand,  the  artificial  disease  is  Bin 
since  it  remains  for  a  long  time  monomicrobic.  Lastly,  the  treaf 
is  applied  in  due  time.  A  few  hours,  one  day  at  the  latest,  aft( 
inoculation  intervention  takes  place  in  the  first  stage  or  evend 
the  stage  of  incubation,  while  no  morbid  symptom  has  as  yf 
pressed  or  revealed  the  invasion  of  the  organism.  In  the  ci 
man,  however,  the  situation  is  altogether  different.  Except  ii 
instances,  infection  is  not  inoculated.  Even  in  cases  of  traum 
the  microbes  are  introduced  in  too  small  numbers  to  admit  con 
son  with  what  occurs  in  the  laboratory.  If,  therefore,  dise 
produced,  it  is  due  to  a  morbid  predisposition,  a  previously  c 
tated  state  of  the  organism ;  its  resistance  was  not  artificially 
come  in  a  brutal  maimer,  but  was  progressively  reduced  by  a 
of  preparatory  conditions.  Hence,  when  the  microbe  penet 
reaction  does  not  occur  immediately,  and  is  often  tncompk 
insufficient.  On  the  other  hand,  the  disorders  which  have  pre 
the  development  of  the  infection  or  the  previous  diseases,  of ' 
no  apparent  traces  are  presented  by  the  subject  at  the  momi 
the  attack,  may  have  produced  more  or  less  profound  visceral  1 
which  added  their  unfavorable  influence  to  that  of  the  infei 
agents.  Finally,  the  natural  disease  is  not  so  simple  as  the  arti 
for  it  is  seldom  monomicrobic.  Several  bacteria  are  almost  a 
called  into  play,  and  thus  modify  the  clinical  course  and  increa 
complexity  of  each  case. 

Hence,  when  we  intervene  by  the  serumtherapy  method  w 
a  disease  dependent  upon  a  series  of  various  causes  and  the  evol 
of  which  is  advanced,  for  a  whole  period  of  incubation  and  oi 
dromes  has  elapsed  during  which  there  has, been  no  clear  dia( 
of  the  nature  of  the  infection.  When  the  symptoms  are  cleai 
the  diagnosis  is  established  it  may  be  too  late  to  intervene. 
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tbe  case  in  tetanus.  If  there  is  yet  time,  the  physician  hesitates 
apply  new  methods,  and  thus  there  is  a  delay  which  sometimes 
:nnders  intervention  useless.  Let  us  suppose  that  action  has  been 
IbJten  in  due  time,  from  the  beginning  of  the  disorders,  are  we  sure 
,of  obtwniug  favorable  results?  Evidently  not.  The  serum  may 
rtombat  ba<:terial  intoxication,  it  may  oppose  the  development  of  the 
nuctobea,  it  may  neutralize  their  products  of  secretion,  but  it  can 
vcomplish  nothing  against  concomitant  autointoxications.  The 
ioigans  altered  by  previous  diseases  or  by  the  present  malady  can 
BO  longer  fulfil  their  functions  in  transforming  or  eliminating  the 
toxins  of  cellular  origin.  On  the  other  hand,  it  is  to  be  remembered 
there  is  an  exaggerated  production  of  poisons  resulting  from 
the  nutritional  disorders  engendered  by  the  disease.  In  \-iew  of 
Iheae  facts  it  is  impossible,  even  when  infection  is  monomicrobic,  to 
draw  conclusions  from  animal  to  man.  Hence,  serums  succeed  better 
ni  laboratories  than  in  clinical  experience,  and,  for  this  reason,  old 
therapeutic  methods  should  not  be  abandoned. 
Under  the  influence  of  the  enthusiasm  which  was  aroused  by  anti- 
liphtheritic  serumtherapy,  many  believed  that  traditional  thera- 
ipeulics  had  served  its  time.  Many  beheved  they  perceived  the  dawn 
■of  a  new  era  when  medicine  would  be  simplified  in  a  mar^-ellous 
I'manner:  no  more  auscultation,  no  more  examination  of  patients;  it 
!ifoul{J  suffice  to  look  for  the  pathogenic  microbe  and  immediately 
(inject  the  corresponding  serum.  These  ideas,  which  were  sustained 
%  some  eminent  scientists,  do  not  conform  to  the  reality.  To  thus 
:*Mggerate  the  value  of  even  such  a  magnificent  method  tends  to 
""ing  it  into  discredit  and  to  expose  one's  self  to  cruel  disappoint- 
ment*. This  medication  of  equation,  to  use  an  expression  of  Lan- 
™uzy,  will  not  succeed  in  therapeutics  any  more  than  elsewhere. 
Sological  phenomena,  especially  pathological  manifestations,  are  too 
I'lniplex  to  be  modified  by  simple  and  uniform  procedures.  Serum- 
perapy  is  not  destined  to  do  away  with  the  other  methods.  It  must 
piply  be  considered  as  a  new  means  to  be  employed  concurrently 
J'^th  others.  In  the  case,  for  instance,  of  a  woman  suffering  from 
Puerperal  fever,  whatever  may  be  our  confidence  in  serumtherapy, 
F^  should  never  resort  to  an  exclusive  method.  We  must  continue  to 
^actise  curettage,  intra-uterine  irrigations,  and  prescribe  cold  baths, 
pcing  convinced  that  it  is  necessarj'  to  employ  multiple  measures  of 
F&rious  effects  in  order  to  combat  multiple  phenomena  of  various 
■l^ins. 
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AVhile  we  cannot  say  too  much  in  approval  of  the  efforts  of  tboc 
pursuing  researches  upon  specific  serums,  we  must,  in  the  intwatol 
clinical  experience,  protest  against  the  exclusive  employnienl  of 
laboratory  methods.  We  have  endeavored  to  show  wliy  a  sick  man 
is  not  comparable  to  an  inoculated  animal.  It  is  not  sufficient  to 
combat  the  microbe,  since,  in  this  manner,  post-infectious  leaiMis 
would  be  left  free  to  follow  their  evolution  and  the  patient  wowM 
succumb  to  autointoxication. 

Although  it  is  not  safe  to  forecast  the  future,  the  author  does  not 
believe  that  serumtherapy  is  destined  to  revolutionize  compleWl] 
the  art  of  healing.  The  method  has  supplied  a  new  means  of  defena 
and  success;  it  lias  enabled  clinicians  to  reduce  the  death-rate  am 
triumph  where  they  formerly  failed.  The  results  are  already  sui 
ciently  marvellous;  there  is  no  need  of  exaggerating  tbemorofdis 
crediting  other  methods.  By  the  whole  of  reasoned  procedures  it  ii 
possible  to  overcoTne  complex  symptoms.  The  indications  of  senjm 
therapy  should  be  determined,  and  it  should  be  associated  mtl 
other  methods.  Such  is  the  path  which  clinicians  should  follow.  Id 
the  meantime  experimenters  will  perfect  the  methods.  They  wiB 
succeed  in  purifying  the  antitoxins  and  freeing  them  from  uselesor 
harmful  substances  accompanying  them.  This  is  the  unmiDent  dis- 
covery. When  it  is  achieved,  a  new  advance  will  have  been  rna-Je 
in  serumtherapy,  a  new  result  acquired  for  the  consolalion  "f 
humanity. 
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THERAPEUTICS  OF  INFECTIOUS  DISEASES  (CondudtJ). 

byaiological  Medic&tion.  Methods  Designed  to  Insure  the  Funplion  ol  the  Organs. 
Proteclive  Rftle  of  Ihe  Livpr.  Importance  of  AJimenta  and  of  Cold  Enemas.  Medi- 
tation by  Ether.  Protective  R6!p  of  the  Lung;  Rflle  of  the  Blood.  Oiddiriiig 
Uethod,  R6le  of  the  Emunctflries.  Sialogogues;  Diuretica;  Expectoranta :  Emetic!  i 
Purgntli'es.  Treatment  of  InilHrnmatory  Manirestatioua.  Local  Treatment.  Hot 
ApplicadoDa .  RcfrigarBtion.  Immobiiliation  and  Comprestdon.  Depletion.  Re- 
vubdon.  Indications  and  Hocbanism  of  Rt^vulston.  Vasomotor  Medication 
Treatment  of  Serous,  Purulent,  and  Pideudomembranous  Exudalee,  of  QaiigrenouB 
and  Nodular  Lesiona.  Treatment  of  Hemorrhages.  Chloride  of  Calcium.  V»k>- 
eonstrictora.  Astringents.  Gelatin.  Trealmeut  of  Fever.  Cold  and  Hot  Batba. 
Brand's  Method,  Balneotherapic  Rules  for  Typhoid  Fever,  Scarlatina,  TarioU, 
Pneumonia,  Bronchopneumonias,  and  Erysipelas.  Chemical  Antithermal  Med- 
icines.  Blood-letting;  Mode  of  Action  and  Indications.  Injecliooa  of  Artificial 
Serum:  Their  Action  on  Absorption,  on  Renal  Elimination,  on  the  Nervous  Sj-atem, 
and  on  Nutrition.  Indications  fur  Subcutaneous  and  Intravenous  Injections  of 
Artificial  Serum.  Symptomatic  Medication.  Trealjnent  of  Nervous,  Cardiac,  and 
Vascular  Disturbancee  and  Diaorders  of  ttie  Respiratory,  Alimentary,  and  the 
Urinary  Apparatus. 

Physiological  Medication. 

All  the  forms  of  medication  we  have  tlius  far  studied  were  directed 
?mnst  the  pathogenic  agent.  Tlieir  object  was  to  destroy  the  invad- 
g  microbes,  hinder  their  development,  iind  neutraHze  their  toxins, 
"le  antiseptic  and  antitoxic  medications  represent  the  two  principal 
sthods  which  resume  the  endeavors  made  in  this  direction.  Senim- 
!i"apy  particularly  belongs  to  this  group.  It  possesses  a  special 
erest,  because  it  constitutes  a  naturalistic  method.  By  introduc- 
'  s  specific  serum  we  accomplish  sooner  what  the  organism  would 
&T.  Investigations  in  pathological  physiology  teach  us  that  during 
fections  certain  organs  endeavor  to  destroy  microbes  and  neutralize 
eject  poisons.  Therefore,  in  the  study  of  the  reactions  of  the 
fenism  we  may  find  important  therapeutic  indications, 
t^e  efforts  of  the  physician  must  tend  to  assure  the  function  of 
'  protective  organs  or  promote  their  action.  In  all  probability 
^t  of  the  cells  of  the  organism  play  a  role  in  its  protection.  As 
i  we  are  acquainted  with  but  a  small  side  of  the  question.  We 
Ow  that  the  liver  is  capable  of  arresting  and  destroying  certain 
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microbes  and  toxins,  and  that  the  lungs  act  in  the  same  way.  We 
know  that  poisons  may  be  eliminated  through  secretions,  and  pv- 
ticularly  through  the  renal  secretions  and  accessorily  by  the  secre- 
tions of  the  cUgestive  canal.  Finally,  we  know  that  the  fight  against 
microbes  and  their  toxins  in  the  interior  of  the  oi^anism  is  assured 
by  chemical  modifications  occurring  in  the  plasma  and  by  the  pa^ 
ticipation  of  a  great  number  of  wandering  cells.  These  changes  in  the 
fluids  and  cells  are  dependent  upon  increased  activity  of  the  hema- 
topoietic organs — of  the  spleen,  lymphatic  glands,  bone-marrow,  and, 
in  young  children,  the  thymus  gland. 

In  spite  of  numerous  stucJUes  pursued  on  this  subject,  the  faets 
are  as  yet  imperfectly  known.  Nevertheless,  certain  among  them 
may  already  be  taken  as  a  starting  point  for  some  therapeutic  indi- 
cations. 

Pxoteetiye  Bole  of  the  Liyer.  Among  the  organs  playing  an 
important  r61e  in  the  protection  of  the  organism  against  infectioDS 
the  Uver  deserves  to  be  placed  at  the  head  of  the  list.  Some  yean 
ago  we  demonstrated  that  this  organ  was  capable  of  arresting  and 
neutralizing  a  variety  of  poisons  of  external  origin  or  formed  i^thin 
the  diseased  organism.  More  recent  experiments  enabled  us  to 
affirm  that  this  protective  action  extends  to  toxins,  at  least  to  some 
of  them,  and  to  some  microbes.  Whether,  however,  the  question  is 
one  of  soluble  products  or  of  figurate  elements,  the  action  of  the  liver 
is  not  exercised  unless  the  parenchyma  contains  glycogen.  No  mat- 
ter whether  this  substance  plays  an  active  r61e  in  the  phenomena  of 
defense,  or  whether  it  represents  simply  an  evidence  of  cellular  activ- 
ity, the  only  interesting  point  is  that,  to  a  certain  extent,  it  enables  us 
to  measure  the  activity  of  the  liver  and  determine  with  accuracy  the 
function  of  the  gland.  Knowing  the  conditions  under  which  glycogen 
is  diminished  or  increased,  we  are  able  to  lay  down  therapeutic  indi- 
cations calculated  to  maintain  the  protective  activity  of  the  liver. 

It  is  often  repeated  that,  for  this  purpose,  it  is  indispensable  to 
combat  hypothermia.  Fever  is  said  to  cause  the  disappearance  of 
glycogen.  This  statement  is  exaggerated.  When  hyperthermia  is 
engendered  by  inoculation  of  an  infectious  microbe  glycogen  remains 
intact  during  the  febrile  period  and  diminishes  at  the  end  of  the 
infection,  at  the  time  when  the  temperature  falls  below  the  normal. 
Nevertheless,  it  is  always  advisable  to  combat  excessive  elevation  of 
temperature  as  well  as  hypothermia.  It  is  here  that  the  use  of  baths 
is  indicated — cold  baths  in  the  former  instance,  warm  baths  in  the 
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litter.  They  re-establish  the  organic  combustions  and  bring  thera  to 
tiierate  which  is  favorable  for  glycogenesis. 

The  second  condition  which  modifies  glycogenesis  is  of  still  greater 
bportance.  We  refer  to  starvation.  Claude  Bernard  'long  ago 
demonstrated  that  glycogenesis  is  diminished  in  animals  deprived  of 
food,  We  have  learned  that,  under  the  same  conditions,  the  pro- 
lective  rflle  of  the  liver  against  poisons  and  microbes  is  weakened. 
fhese  facts  demonstrate  that  it  ia  indispensable  to  nourish  infected 
ndividuals.  They  are  no  longer  deprived  of  aliments,  and  are  gener- 
Jly  given  milk,  sometimes  bouillon  or  other  light  nourishment.  The 
(Jthor  beUeves  that  warm  beverages  containing  sugar  produce,  from 
iis  point  of  view,  a  very  favorable  effect.  The  sugar  furnishes  the 
lost  important  element  for  glycogenesis.  The  patient  should  not, 
lerefore,  be  deprived  of  it.  It  would  even  be  better,  perhaps,  to 
illze  grape  sugar  in,stead  of  cane  sugar.  In  fact,  saccharose  must 
I  converted  before  it  can  serve  for  the  formation  of  glycogen  and 
e  nutrition  of  the  organism.    We  do  not  know  what  the  activity 

the  inversive  intestinal  ferment  in  the  course  of  diseases  is.  It 
mid,  therefore,  be  preferable  to  employ  glucose.  In  this  connec- 
in  honey  seems  to  the  author  clearly  indicated.  As  is  known,  it 
ntains  from  65  to  75  per  cent,  of  glucose  and  from  2  to  8  per  cent, 

cane  sugar. 

In  recent  years  an  endeavor  has  been  made  to  increase  the  alimen- 
tion  of  patients  suffering  from  fever.  These  attempts  will  be  di&- 
issed  in  connection  with  general  hygiene.  It  is  certain,  however, 
at  from  the  particular  point  of  view  occupying  us  the  method  is 

incontestable  advantage.  The  importance  of  certain  elements  for 
le  defense  of  the  organism,  notably  carbohydrates,  should  not,  how- 
rer,  be  exaggerated.  Experimental  investigations  pursued  by  us 
smonstrated  that  while  small  amounts  of  glucose  increase  the 
"otective  action  of  the  liver  large  doses  diminish  it.  The  thera- 
tutic  amount  of  glucose  may  be  said  to  be,  at  least  for  the  rabbit, 
grams  per  kilogram  of  animal,  and  8  or  10  grams  the  unfavorable 
Dount.  If  these  results  were  applied  to  man,  from  180  to  200  grams 
'  glucose  should  be  administered  per  day  to  an  adult  weighing  60 
■  65  kilograms. 

It  is  not  only  feeding  that  assures  the  function  of  the  liver;  thera- 
nitics  furnishes  us  a  valuable  agent — ether.  As  in  the  case  of  sugar, 
rwever,  the  effects  of  ether  vary  with  the  amount  administered, 
I  animals,  0.4  c.cm.  of  ether  per  kilogram  of  animal  increases  con- 


760  IXFECTIOUS  DISEASES. 

siderably  the  action  of  the  liver;  1  c.cm.  abolishes  it,  Subcutaneffiu 
injection  of  ether  produces  a  favorable  action ;  but  the  best  effette 
are  obtained  by  ingestion.  In  this  case  the  substance  passes  directly 
to  the  liver,  and  at  the  same  time  stimulates  its  glycogenic  functim 
and  its  action  upon  toxins  and  microbes.  The  application  of  these 
experimental  data  is  very  simple.  When  hepatic  insufficiency  or 
torpidity  is  suspected.  20  or  30  grams  of  sjTUp  of  ether  coDtaining 
2  per  cent,  of  the  active  substance  should  be  prescribed  per  diiv 
Stimulation  of  the  liver  may  possibly  be  obtained  by  other  meilirinw, 
but  no  accurate  data  are  as  yet  at  hand  bearing  upon  this  poinl. 
There  is  every  reason,  however,  to  sujipose  that  purgatives  and  not- 
ably calomel,  and  perhaps  certain  cholagogues,  exert  a  favorable 
action.  More  importance  is  attached,  however,  to  a  procedure  whifh 
acts  mechanically-  We  refer  to  cooi  enemas.  Their  action  b  double. 
The  cold  causes  the  vessels  of  the  large  intestine  to  contract  and,  by 
furnishing  the  liver  with  a  greater  amount  of  blood,  stimulates  its 
function.  On  tlie  otlier  hand,  water  is  absorbed  and  brought  first 
to  the  hepatic  gland.  As  the  activity  of  a  tissue  depends  upon  its 
richness  in  water,  when  fluid  is  furnished  to  an  organ,  it  thus  become 
supplied  with  the  element  which  is  indispensable  for  its  activity. 

To  sum  up,  wc  may  increase  the  protective  role  of  the  li\'er  by 
feeding  the  patient,  by  prescribing  substances  which  stimulate  the 
activity  of  the  glandular  cells  and  by  administering  coJd  enemas 
which  favor  the  circulation  of  the  portal  vein. 

Protective  Eole  of  the  Longs.  The  lungs  also  e:fert  con^derable 
influence  upon  microbes  antl  toxins.  The  conditions  which  may 
disturb  their  function  and  diminish  or  abolish  their  protective  action 
are  not  well  known.  This  much  is  proved,  viz.,  that  the  lungs  art 
only  when  oxidations  take  place  in  a  regular  marmer.  The  autior 
demonstrated  this  by  means  of  artificial  circulation,  and  Cafiero 
proved  the  same  by  causing  a  mechanical  dyspnea  in  living  animals, 
Inhalation  of  oxygen  should,  therefore,  be  prescribed  when  the 
lungs  are  altered  and  hematosis  is  poorly  carried  on.  It  is  true,  as 
was  proved  by  our  experimental  researches,  that  the  normal  liicp 
act  almost  in  the  same  manner,  whether  ordinary  air  or  pure  osrgen 
circulates  in  them.  When  the  lungs  are  altered,  however,  such  caii 
no  longer  be  the  case,  and  the  excess  of  oxygen  which  is  brought  to 
them  must  compensate  for  the  diminution  of  the  field  of  hematoas. 

It  is  likewise  possible  to  stimulate  the  action  of  the  lungs  by  favor- 
ing the  circulation.    Cold  baths  are  well  calculated  to  accoi 
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,  eince  they  diminish  passive  pulmonary  congestion.  Cupping 
I  in  the  same  way.  Certain  cardiac  medicines  may  also  be  pre- 
bed,  but  most  of  them  stimulate  particularly  the  left  ventricle, 

consequently  exert  but  little  influence  upon  the  pulmonary 
ulation.  Under  these  circumstances  recourse  may  be  had  to  a 
ihod  which  has  been  found  efficient  by  clinical  observation  in 
is  of  pulmonaiy  infections — that  is,  blood-letting, 
lie  Eole  of  the  Blood.  It  is  evident  that  other  parts  of  the 
inism  must  likewise  serve  for  the  distribution  of  microbes  and 
ions.  Our  knowledge  of  this  subject,  however,  is  as  yet  hmited, 
ticularly  as  regards  therapeutic  indications  of  practical  use,  The 
ins  and  tissues  as  well  a.^  the  fluids,  and  notably  the  blood,  exercise 
otective  action  against  infectious  agents.  Toxins  are  destroyed  by 
lation  in  the  blood  and  probably  also  in  the  intercellular  plasma. 
jsions  occur  in  the  respiratory  apparatus  it  is  necessary,  in  order  to 
ire  the  destruction  of  toxins,  to  resort  to  the  oxidizing  method, 
olation  of  oxygen  is  then  indicated.  This  procedm-e  increases  the 
nint  of  oxygen  in  the  blood,  and  its  efficiency  is  further  demon- 
ted  by  numerous  observations  and  experimental  facts.  Microbic 
ions  as  well  as  those  of  cellular  origin  are  thus  annihilated.    In 

connection  it  is  well  to  remember  what  we  have  repeatedly 
ed,  namely,  that  oxidations  are  diminished  in  the  course  of  infec- 
is  diseases  and  typhoid  states.  There  is,  therefore,  every  reason 
intervention  in  all  these  cases.  Dr.  A,  Robin  advised  the  admin- 
ition  of  benzoic  acid,  which  increases  oxidation  and  favors  elim- 
ion  of  tlie  products  of  disassimilation  by  rendering  them  soluble. 
3  idea  seems  to  us  perfectly  correct.  We,  therefore,  prescribe 
a  2  to  4  grams  of  benzoate  of  soda  daily  in  grave  infectious 
CB,  notably  when  the  lesions  of  the  hver,  lungs,  or  kidneys 
Q  to  hinder  the  evolution  or  elimination  of  the  toxic  products 
inating  from  disassimilation.  If  the  liver  is  at  the  same  time 
urbed  we  prescribe  m  the  same  potion  with  70  grams  of  julep, 
ams  of  benzoate  of  soda  and  30  grams  of  syrup  of  ether;  a  table- 
jnful  is  taken  every  hour.  Although  oxidation  is  a  general  pro- 
jre  of  attenuation  of  toxins,  a  by  no  means  less  important  r61e 
layed  by  the  cells  which  are  capable  of  picking  up  and  digesting 
robes  and  secreting  substances  which  diminish  their  activity  and 
tralize  their  toxins.  The  therapeutist  must,  therefore,  endeavor 
timulate  phagocytosis  and  favor  germicidal  and  antitoxic  secre- 
8.    Unfortunately,  we  possess  but  little  information  on  this  sub- 
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ject.  All  we  know  is  that  injections  of  artificial  serum  give 
to  an  abimdant  proliferation  of  the  cells  of  the  bone-marrow.  ' 
latter  tissue  furnishes  the  economy  mth  the  greatest  part  of 
leucocytes  charged  with  the  function  of  defense.  Hence  it  is 
difficult  to  understand  the  excellent  effects  of  these  therapeutics  ii 
cases  in  which  the  reactions  of  the  organism  seem  to  be  insuSici 
Role  of  the  Emnnctories.  After  undergoing  in  the  organic 
series  of  transformations,  the  toxic  substances  are  eliminated  thrc 
the  various  emunctories.  Some  of  them  pass  into  the  stom 
others,  notably  the  poisons  of  the  colon  bacillus,  are  thrown  into 
intestine.  Theu*  elimination  may,  therefore,  be  hast<*ned  by  lavaj 
the  alimentary  canal.  The  kidneys,  however,  are  the  principal  n 
of  elimination.  It  must  be  remembered  that  in  the  course  of  ii 
tions  the  urinary  secretion  is  diminished,  and  in  general  the  toxi 
of  the  urine  is  also  lessened.  The  physician  must  endeavor  to  fi 
dim*esis.  For  this  purpose  the  patients  must  be  given  plant; 
water,  also  enemas  which  they  may  retain,  at  least  in  part.  1iV 
necessary,  salt-water  may  also  be  injected  beneath  the  skin, 
second  indication  is  drawn  from  the  state  of  the  blood  press 
With  the  assistance  of  Dr.  Gamier,  the  author  has  found  in  sca 
cases  of  scarlatina  that  when  the  urinary  secretion  is  very  scant, 
especially  when  temporarily  suppressed,  the  blood  pressure  rises 
heart,  by  the  energy  of  its  contractions,  seems  to  strive  to  overc 
the  renal  barrier.  On  the  basis  of  this  fact,  the  physician  i 
endeavor  to  still  raise  the  blood  pressure.  Certain  medicines 
accomplish  this  end.  It  is  better,  however,  to  resort  to  cold  U 
In  patients  constantly  treated  by  baths  the  renal  secretion  becc 
profuse,  and,  as  is  demonstrated  by  the  study  of  urinary  toxicit 
carries  off  noxious  substances.  The  elimination  thus  being  cai 
on  (luring  the  entire  course  of  the  disease,  the  mode  of  its  termina 
is  often  modified.  Such  is  notably  the  case  in  pneumonia  in  w 
the  urinary  crisis,  which  is  no  longer  any  raison  d^Ure,  is  not 
duced.  Another  cause  disturbing  diuresis  is  the  fact  that  the  ex 
mcntitious  substances  are  not  sufficiently  oxidized.  In  this  con 
tion,  cold  baths  exercise  a  favorable  action  which,  as  already  sta 
may  be  completed  by  the  administration  of  sodium  benzoate. 
medicine  is  likewise  to  be  resorted  to  when  lesions  of  the  kidr 
hinder  the  function  of  these  organs.  It  would  then  be  useless 
prescribe  diuretics,  which  would  only  increase  the  lesions  by  stii 
lating  the  colls  which  are  already  diseased. 
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When  infectious  nephritis  is  too  intense  or  extensive,  it  will  be 
necessary  to  diminish  intoxication  by  stimulating  elimination  through 
other  channels,  notably  by  the  digestive  tract  and,  in  grave  cases, 
by  blood-letting.  The  author  does  not  trust  much  in  the  vicarious 
fole  of  sweating.  Nevertheless,  in  certain  diseases,  the  sweat  seems 
to  throw  out  toxic  substances.  Id  several  cases  of  diphtheria  treated 
by  subcutaneous  injections  of  pilocarpine  we  noticed,  in  consequence 
of  sweating,  verj'  great  amelioration  in  the  general  state.  It  would, 
tterefore,  be  worth  while  to  take  up  this  study  and  to  learn  whether 
the  old  therapeutics,  which  treated  fever  patients  by  giving  them 
iot  drinks,  diaphoretics,  and  by  covering  them  heavily,  did  in  cer- 
tain cases  yield  good  results  through  the  sweating  tlms  produced. 

The  secretions  of  the  organism  at  times  eliminate  morbid  produc- 
tions resulting  from  microbic  action  or  a  reaction  of  the  economy. 
nius,  the  pseudomembranes  of  diphtlieria  localize  infection  and 
^poee  penetration  of  the  microbe  and  its  toxins  into  the  economy. 
rhe  organism  has  done  well  in  producing  these  pseudomembranes, 
mt  it  will  be  equally  advantageous  for  it  to  eliminate  them  at  a 
ertain  period  of  evolution.  Hence,  it  strives  to  detach  them  by 
aeans  of  a  secretion  of  the  subjacent  glands  and  by  increased  activity 
if  the  salivar>-  glands.  It  is  easy  to  stimulate  this  process  by  admin- 
stering  sialagogues  and  notably  pilocarpine.  The  action  of  this  medi- 
ane  upon  the  heart  is  much  dreaded.  It  must,  therefore,  be  em- 
Jloyed  with  caution.  In  adults,  however,  the  author  has  obtained 
ixcellent  results  from  its  employment  in  the  treatment  of  pseudo- 
nembranous  anginas  and  particularly  diphtheritic  sore  throat.  He 
jreacribes  a  subcutaneous  injection,  morning  and  evening,  of  10 
Irops  of  a  1  per  cent,  solution  of  nitrate  of  pilocarpine.  In  twenty- 
bur  or  forty-eight  hours  the  pseudomembranes  are  detached  and  the 
ntient  experiences  a  very  notable  improvement  in  his  general  state. 
Sialagogues  may  also  be  employed  in  all  sorts  of  buccal  infections, 
the  one  most  frequently  used  is  chlorate  of  potash,  which  is  admin- 
Btered  in  daily  doses  of  from  2  to  4  grams.  The  action  of  this  medi- 
ane  is  admittedly  due  to  its  passage  into  the  saliva.  The  amount 
tliminated  through  this  channel,  however,  is  quite  small;  it  amounts 
o  hardly  3  per  cent.  It  ia  to  be  recognized,  however,  that  in  this 
tase  the  local  treatment  has  more  influence  than  the  salivary  exci- 
atioD. 

Medication  ia  also  physiological  when  the  elimination  imdertaken 
ty  the  organism  is  stimulated  by  the  employment  of  the  same  pro- 
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cedures  utilized  by  the  economy  itself.  Bronchial  and  pulmoo: 
lesions  result  in  expectoration  calculated  to  throw  out  the  exuiia 
the  signification  of  which  is  exactly  the  same  as  that  of  peeudomi 
branes  in  diplitheria.  Physiological  medication  consists  in  presc 
ing  expectorants.  These  are  divided  into  two  groups,  accordin) 
they  act  by  increasing  the  force  with  which  the  bronchi  ihrov 
their  contents  or  by  modifying  the  exudate  of  the  respiratory  a; 
ratus.  Emetics  act  mechanically.  A  second  group  contains  ex 
torants.  The  most  important  expectorants  are  those  which  bqi 
the  exudates.  The  first  among  them  is  chlorohydrate  of  ammc 
an  excellent  medicine,  which  is  to  be  given  to  children  in  haif-g 
doses  daily,  and  from  2  to  4  granLs  to  adull^.  It  may  be  comb 
with  the  salt^s  of  antimony.  White  oxide  of  antimony  seems  to 
author  by  far  the  better  preparation,  pro\'ided  it  is  not  eraployt 
too  strong  doses.  The  author  has  obtained  excellent  results  by  p 
20  eg.  to  30  eg.  a  day.  It  is  an  insoluble  salt  which  may  be  f 
in  water.  If  emetics  are  given  in  small  doses  so  as  to  avoid  vom: 
and  nausea,  they  act  as  expectorants.  Ipecacuanlia  may  tbo 
prescribed  in  fractional  doses :  apomorphine,  1  mg.  every  hour  ii 
form  of  pills  or  in  a  potion.  For  example,  one  may  prescrib 
follows : 

CryBtalliied  hydrochloralc  or  apomarpbine  0,01  oenlignuD  ((  grun), 

HydrooblorBlc  of  morphine         .       ,       .       ,      .      0.03  "  (J  Knio'' 

Hydrochloric  acid 3       drops. 

SimplH  aynip    ...                                              .30      gnnu  (55) 
W«ter BO  ■■      (Siij). 

Lastly,  the  syrup  of  polygala  seems  to  belong  to  this  group, 
it  should  not  be  employed  if  there  is  fever  or  digestive  disorJei 

Physiological  medication  is  applicable  to  a  great  number  of  gw 
intestinal  ciisorders.  When  the  gastric  disturbances  give  ria 
nausea,  an  emetic  is  called  for  in  order  to  achieve  the  work  b( 
by  nature  by  ejecting  the  substances  which  encumber  and  hurt 
gastric  cavity.  Likewise,  in  patients  suffering  from  diarrhea,  w 
expresses  a  natural  therapeutic  tendency,  excellent  results  are  o 
obtained  by  prescribing  a  purgative.  On  the  other  hand,  in  cer 
cases  it  is  advisable  to  increase  constipation ;  in  peritonitis  an' 
intestinal  hemorrhage  the  movements  of  the  bowels  may  inter 
the  disorders.  It  is,  therefore,  desirable  to  immobilize  tlie  i^ge? 
tract.  For  this  purpose  opium  is  mostly  prescribed  in  the  form  of 
extract,  1  eg,  every  hour. 
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In  brief,  such  are  the  varioue  medicines  which  may  be  employed 
when  we  wish  to  practise  physiological  medication.  All  of  them 
increase  certain  morbid  manifestations,  or,  more  exactly,  they  favor 
the  reactions  which  the  organism  calls  into  play  in  order  to  combat 
microbes  and  their  toxins. 

Reactions  are  not  always  of  the  desirable  kind,  however.  In  a 
peat  many  cases  they  may  give  rise  to  new  derangements  by  their 
intensity  and  persistence.  They  must  then  be  combated.  This 
■Ould  be  contra-pliysiological  medication,  the  indications  and  pro- 
pdures  of  which  will  be  discussed  in  connection  with  symptomatic 
lerapeutics. 

Treatment  of  InflaBiinatory  Manifestations. 

If  it  were  [jossible  in  every  case  to  attack  the  cause  of  the  disturb- 
*se8|  the  treatment  of  inflammatory  manifestations  would  always 
ft-'w  its  indications  from  etiology.  Antiseptic  medication,  when 
1>licable,  responds  to  this  indication.  Wben  the  cause  cannot  be 
■iched,  and  it  is  impossible  to  act  upon  the  mechanism  which  engen- 
&B  the  morbid  phenomena,  it  is  necessary  to  resort  to  physiological 
dedication.  In  all  cases  of  inflammation  two  series  of  phenomena 
Sre  to  be  taken  into  account:  those  which  occur  at  the  diseased  spot 
tad  require  local  treatment,  and  those  which  result  from  disturbances 
fingendered  by  the  primary  lesion  in  other  parts  of  the  organism  and 
require  general  treatment. 

Local  Treatment.  Local  treatment  may  be  directed  either  to 
noderat*  or,  on  the  contrary,  to  stimulate  and  increase  inflammatory 
nanifestations.  In  the  former  case  the  method  is  called  antiphlo- 
IJBtic.  Now,  if  we  take  up  the  four  cardinal  phenomena  of  inflam- 
aation,  we  shall  see  that  each  of  them  may  quite  readily  be  com- 
>ated  or  stimulated. 

Hot  Applications.  Let  us  first  consider  heat.  Increase  in  local  tem- 
(crature  indicates  increased  activity  in  nutritive  exchanges,  which 
mgnients  the  production  of  heat.  At  the  same  time,  as  may  readily 
ie  noticed  by  applying  the  hand  to  the  diseased  spot,  there  is  in- 
reased  di&sipation  of  heat.  Exaggeration  of  metabolism  brings 
ibout  a  more  marked  vascularization,  whence  the  second  phenom- 
mon,  redness. 

In  the  presence  of  these  two  symptoms  the  therapeutist  may  think 
t  advisable  to  stimulate  inflammation.  He  resorts  to  hot  applica- 
ions.    He  thus  acts  upon  the  production  of  heat  and,  it  seems,  he 
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practises  naturalistie  therapeutics.  It  is  to  be  noted,  however,  Uiat 
by  this  local  treatment  he  imperf ectiy  imitates  nature,  for  it  hinden 
the  second  phenomenon — t.  e.,  increased  radiation.  If,  for  example, 
the  diseased  part  be  immersed  in  very  hot  water,  or  if  hot  compnm 
be  applied,  the  temperature  is  evidentiy  increased,  but  radiatioo 
diminishes.  NeverthelesB,  this  method  yields  good  results.  It  is 
utilised  especially  in  cutaneous  inflammations.  In  the  treatment  of 
erympelas  the  author  applies  upon  the  affected  parts  compramof 
gause  dipped  either  in  hot  water  or  some  weak  infusion,  ^ufaeom- 
presses  diould  not  be  allowed  to  become  cold,  for  the  evaporaikurf 
the  water  dismpates  the  heat  and  produces  a  contrary  result.  Hot 
poultices  have  the  advantage  of  better  preserving  heat,  and  maybe 
prescribed  under  the  same  drcums&nces.  In  order  to  avoid  the 
inconvenience  resulting  from  evaporation  or  moisture,  the  diseased 
part  may  be  surrounded  with  rubber  tubes  in  which  hot  water  is 
circulated.  It  is  likewise  poeBible,in  the  case  of  the  abdomen,  to  place 
upon  the  part  rubber  bags  filled  with  hot  water.  When  treating  the 
extremities  one  may  employ  for  the  same  purpose  small  bags  filled 
with  sand,  which  may  be  placed  under  and  around  the  limbs,  vsik 
the  upper  surface  may  be  covered  with  a  bag  of  hot  oatmeal  in  order 
to  avoid  too  much  weight.  Lastly,  ^en  the  lesion  is  well  circum- 
scribed, hot  air  may  be  employed,  as,  for  example,  in  the  case  of  soft 
chancre. 

Refrigeration.  Refrigeration  may  be  accomplished  by  application 
of  cold  compresses  or  poultices,  by  circulation  of  cold  water  in  tubes, 
by  cold  air  and  application  of  bags  filled  with  water  or  ice.  T\Tien 
an  ice-bag  is  employed  a  flannel  should  be  interposed  between  the 
bag  and  the  skin  in  order  not  to  hurt  the  skin.  This  method  evidently 
increases  radiation  and  diminishes  heat;  on  the  other  hand,  it  gives 
rise  to  vasoconstriction,  which  causes  the  second  cardinal  phenome- 
non— I.  e,,  heat — to  disappear.  This  method  is  hardly  ever  applicable 
to  superficial  lesions.  Inflammations  of  the  skin,  of  subcutaneous 
tissue,  and  of  hmphatic  glands  should  not,  as  a  rule,  be  treated  by 
means  of  refrigeration.  These  inflammations  already  have  a  certain 
tendency  to  sphacelation,  which  would  be  increased  by  cold.  Brown- 
Stkjuard  believed  that  cold  and  hot  applications  should  be  used 
alternately;  the  reverse  modifications  which  are  thus  produced  in  the 
vt^ssels  hinder  the  production  of  gangrene.  The  author  believes  that 
heat  is  sufficient  for  this  purpose. 

The  refrigerating  method,  on  the  contrary,  renders  unmense  senice 
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!  treatment  of  deep  inflammations.  In  acute  inflammations  of 
bdominal  organs,  in  appendicitis,  peritonitis,  and  periuterine 
3  remarkable  results  are  obtained.  Likewise,  the  application 
ice-bag  upon  the  precordial  region  or  upon  the  craniiun  is 
lal  in  cases  of  inflammation  of  the  pericardium  or  meninges, 
tively.  The  author  employs  the  same  method  when,  in  the 
I  of  otitis,  he  finds  symptoms  of  mastoiditis.  The  appli- 
of  the  ice-bag  upon  the  mastoid  region  succeeded,  in  several 
in  arresting  the  accidents.  It  must  be  borne  in  mind,  however, 
are  should  be  taken  not  to  allow  the  bag  to  grow  warm.  When 
5-bag  is  used  it  must  be  renewed  from  time  to  time. 
I  may  likewise  be  employed  to  assuage  the  third  cardinal 
menon — ^pain.  It  produces  very  marked  sedation  and  acts 
the  pain  of  mastoiditis  or  osteomyelitis  as  well  as  upon  that  of 
is.  The  action  of  cold  is  complex.  Besides  the  waste  of  heat, 
auses  constriction  of  the  bloodvessels.  Not  only  the  small 
»  of  the  skin  but  also  those  of  the  deeper  parts  become  con- 
d.  The  experiments  of  Fredericq  leave  no  doubt  in  this  regard, 
pplication  of  the  ice-bag  upon  the  craniiun  produces  constric- 
1  the  cutaneous  and  meningeal  arteries.  The  latter  are  too 
y  reached  to  permit  the  supposition  that  the  phenomenon  is 
the  propagation  of  cold ;  it  is  probably  a  process  of  reflex  vaso- 
iction. 

cover,  cold  increases  the  tonicity  of  the  vascular  muscles  as 
3  those  of  the  myocardiiun.  The  latter  result  has  considerable 
bance.  AppUcation  of  the  ice-bag  over  the  region  of  the  heart 
e  prescribed  in  all  cases  of  myocarditis  whenever  it  is  necessary 
der  the  function  of  the  organ  more  regular  and  energetic. 
lobilisation.  Every  inflammatory  lesion  causes  pain  and  swell- 
lich  disturb  considerably  the  function  of  the  affected  parts, 
atient  instinctively  immobilizes  himself  as  much  as  possible, 
►f  the  inflamed  parts  is  one  of  the  best  therapeutic  measures, 
onstantly  resorted  to  in  surgery.  The  application  of  splints 
»paratus  is  designed  to  prevent  every  movement  of  the  inflamed 
and  thus  complete  the  natural  work.  In  certain  cases  it  is 
le  to  arrest  the  inflammatory  swelling  by  means  of  a  methodic 
ession;  but  this  latter  method  is  hardly  ever  indicated  in  cases 
be  inflammation.  The  results  obtained  by  submitting  inflamed 
and  notably  the  skin  affected  by  erysipelas,  to  the  elastic 
ession  of  a  layer  of  collodion  have  not  been  encouraging. 
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Compression  may  be  useful  by  hastening  the  absorption  of  exudates 
only  after  the  acute  phenomena  have  passed  away. 

Depletion.  Inflammatory  congestions  and  exudations  are  ofteo 
combated  by  de])letion.  Scarificatious  upon  the  diseased  parts  an 
useful,  as  they  permit  the  discharge  of  a  small  amount  of  blow!  or 
serositj',  thus  relie\ing  considerably  the  painful  tension  of  wliirh  th? 
jmtient  complains.  Some  have  even  attempted  to  arrest  the  |)rt>grN 
of  certain  inflammations  in  this  manner.  Thus,  scarifications  have 
sometimes  been  practised  upon  an  erysipelatous  patch.  The  pio- 
cedure  does  not  seem,  however,  to  have  given  satisfactorj'  results. 

BemlBion.  Revulsion  is  often  practised  upon  the  re^on  of  the  stin 
corresponding  to  the  diseased  organ  as  well  as  in  distant  parts.  Dp' 
or  scarified  cupping  of  the  precordial  region  and  sometimes  applica- 
tion of  leeches  are  often  prescribed  in  cases  of  acute  inflammation  oi 
the  cardiac  muscle  and  especially  of  the  serous  membranes.  TJic 
same  means  are  applied  in  the  treatment  of  pleuropulmonarj'  beiI 
abdominal  inflammations ;  or,  instead  of  tliese  mechanical  procetluw 
irritating  substances,  such  as  mustard  poultices,  friction  with  crolnB 
oil,  and  application  of  certain  plasters  may  be  prescribed.  In  otter 
cases  applications  are  made  to  distant  parts.  In  cases  of  thoracic 
or  cerebral  inflammation  re%'ulsion  is  effected  by  cupping  the  extremi- 
ties, applying  leeches  to  the  anus  or  mustard  plasters  upon  the  l^- 
In  the  conception  of  the  ancient  practitioners,  all  tliese  medicatifjiL" 
had  the  same  object.  They  were  intended  to  draw  the  inflammatHta 
of  the  diseased  organ  toward  those  parts  of  the  organism  where  ii 
would  cause  no  harm.  Such  was  the  idea  of  Hippocrates,  who  p^a^ 
tised  revulsion,  and  in  this  manner  proposed  to  draw  away  tin; 
humors  which  threatened  to  attack  an  important  organ.  Meet 
modern  therapeutists,  instead  of  the  humoral  hypothesis  of  re\'ulaon: 
hold  the  nervous  theory  to  be  true.  Tliey  admit  that  excitation  al 
one  point  causes,  by  means  of  inhibitory  acts,  palliation  of  congestire 
and  inflanmiatory  phenomena  occurring  in  another  part  of  the  econ- 
omy. The  revulsive  application  calls  into  play  the  sensorj' sj-stfiu. 
and  coincidently  it  produces  a  series  of  circulatory  modificalionfi. 

Among  the  revulsives,  some,  lilte  sinapisms,  cause  congestion  in 
the  skin,  and  thus  modify  the  water  content  of  the  blood.  Othen 
produce  extravasation  of  a  quantity  of  blood;  such  is  the  ca.=e  in  Jrj' 
cujjping.  Still  others  produce  local  blood-letting.  In  the  last-name<l 
case,  between  the  superficial  and  the  profound  circulation  a  balandnf 
is  admitted.    The  effect  is  deeper,  however,  and  the  flow  of  blw' 
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ly  relieve  the  venous  system.  To  this  end  blood-letting  should  be 
actised  at  a  determined  point.  Thus,  in  order  to  diminish  passive 
Dgestion  of  the  brain,  leeches  must  be  applied  upon  the  mastoid 
ocesses.  When  action  upon  the  liver  is  desired,  they  are  placed 
lout  the  anus  or  even  upon  the  anal  mucous  membrane.  Hepatic 
ipletion  is  explained  by  the  vascular  connections  whicli  unite  this 
gion  to  the  portal  system. 

In  brief,  revulsion  seems  to  act  in  two  ways :  by  producing  deple- 
3n  of  blood  and  a  reflex  excit-ation.  expressed  by  an  inhibitory 
ition  upon  the  inflamed  part.  It  is  probably  owing  to  nervous  con- 
ictions  between  the  superficial  and  deeper  parts  of  a  region  that 
vulfiion  is  effected,  preferably  in  the  part  corresponding  to  the  dis- 
ced organ.  This  mode  of  excitation  belongs  to  all  revulsives, 
cause  all  produce  excitation  of  the  nerve  terminations.  Some  of 
fia  also  give  rise  to  circulatory  modifications  by  inducing  conges- 
1,  eechjinoses,  or  depletion.  In  the  latter  case  a  general  modifi- 
ion  in  the  blood  is  produced  in  addition  to  the  local  change.  The 
larkable  eflfects  of  local  depletion  are  not,  however,  to  be  attrib- 
d  to  the  latter  result.  All  scarified  cuppings  applied  to  the  pre- 
ciial  region  do  not  act  hke  general  blood-letting.  It  is,  therefore, 
bable  that  there  is  a  harmony  in  the  vascular  or  vasomotor  system 
ihe  same  segments  of  the  body.  A  modification  produced  in  the 
U  circulation  of  one  part  of  the  segment  must  afl'ect  preferably 
I  in  a  special  manner  the  subjacent  parts.  Whatever  be  the 
Drj',  the  practical  importance  of  revulsion  is  undeniable.  It  is 
Jrtetl  to  in  two  cases,  namely,  at  the  beginning  of  inflanunation 
L  at  its  terminal  period. 

Lt  the  beginning  the  immediate  result  of  revulsion  is  frequently 
iseuage  one  of  the  elements  of  inflanunation  to  which  we  have  thus 

hardly  referred,  viz.,  pain.  Tlie  pain  in  the  side  felt  in  pneu- 
nia  rapidly  yields  to  a  few  dry  cuppings  and  still  more  readily  to 
rifled  cuppings.  The  same  is  true  of  the  painful  distress  of  patients 
fering  from  acute  pericarditis.  At  the  same  time  the  congestive 
!:nomena  are  rapidly  palliated  and,  consequently,  the  inflamma- 
a  is  relieved.  It  may  be  objected  that  inflammatory  reaction  is 
lecondary  importance  and  that  there  is  no  advantage  in  combating 

This  remark  would  be  perfectly  exact  if  the  organism  always  pro- 
iioned  its  efi'orts  to  its  needs.  As  we  have  time  and  time  again 
[tarked,  however,  slight  causes  often  produce  extremely  violent 
ctions.  We  may  recall,  for  example,  a  benign  cutaneous  lesion, 
4S 
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such  as  furuncle.  Around  the  small  lesion,  which  must  anesi  and 
destroy  the  staph ylocoecus,  an  edema  tievelops  which  s«metim» 
assumes  enormous  proportions.  When  the  seat  of  the  phenomenon 
is  the  skin  no  great  harm  results:  but  if  the  process  occurs  in  a  vil»l 
organ  like  the  heart,  the  diffusion  of  the  lesion  may  have  tearinl 
consequences.  Hence,  revulsion  is  necessary,  and  it  is  the  more  wefii 
as  the  affected  part  occupies  a  higher  rank  in  the  organic  hierardiy. 

Re%iilsion  is  likewise  employed  at  the  end  of  tlie  morbid  evolutioD 
when  recovery  is  tedious.  In  this  case  depletive  measures  arenul 
resorted  to;  but  excitants,  such  as  sinapisms,  vesicatories,  and  ther- 
mal cauterizations  are  applied.  By  excitation  of  the  nerve  enibw 
bring  about  increased  nutritive  activity  of  the  pa-is  which  are  opB- 
ated  upon  and  those  which  are  subjacent. 

We  thus  arrive  at  the  conclusion  that  revTilsion  is  not  compre- 
hensible unless  we  admit  a  nervovascular  synergy  establishing  » 
morbid  sympathy  in  the  various  segments  of  the  body.  AccoriliD| 
to  this  view,  it  is  uitelligible  why  revulsion  practised  upon  the  spinsi 
column  influences  the  \'iscera.  Uliile  certain  parts  possess  a  relaliiT 
autonomy,  all  are  united  by  numerous  synergies.  Hence,  it  is  con- 
ceivable that  a  local  modification  may  produce  e.vtensive  effects- 
It  is  for  this  reason  that  we  may  act  upon  a  thoracic  organ  by  apply- 
ing revulsives  to  the  lower  extremities. 

In  the  beginning  of  all  local  infiannnations  local  revulsion  mu« 
be  practised.  The  choice  of  the  revulsive  varies  with  the  age  ami 
state  of  the  individual.  In  young  chiMren  we  have  often  to  treai 
pleuropulmonary  inflammations.  We  must  resort  to  mustard  poul- 
tices and  baths,  and  envelop  the  patient  with  moist  sheet*.  It  v 
to  be  borne  in  miml  that  blood-letting,  even  of  a  local  charaelw,  b 
not,  as  a  rule,  well  borne  by  children.  In  the  case  of  vigorous  aduli*. 
scarified  cupping  represents  the  best  method  of  taking  blood.  lo 
debilitated  subjects  and  delicate  women  milder  revulsives,  such  » 
dry  cupping,  sinapisms,  must  generally  be  resorted  to  and,  in  graw 
cases,  therniocauterization.  Intervention  must  be  more  eiiergetJf 
the  more  important  or  delicate  the  affected  part..  Cardiac  and  iw- 
bromeningeal  manifestations  thus  require  the  promptest  interventkffl. 

When  chronic  lesions  are  to  be  dealt  with,  themiocauteriialion. 
vesicatories,  and  at  tmes  simply  application  of  tincture  of  iodine,  a"' 
employed.  An  abscess  (I'abch-  jmr  fixnlion)  produced  by  means «' 
a  subcutaneous  injection  of  turpentine  is  a  method  related  Ui  Ih^ 
group  of  revulsive  procedures.    Its  mode  of  action  has  been  discuese^'- 
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lonie  authorities  contend  tliat  the  circulating  bacteria  are  attracted 

0  the  abscess,  others  a^lmit  a  modification  produced  in  the  phago- 
grtes  and  hematopoietic  organs.  This  method,  first  employed  in 
puerperal  fever,  then  in  various  septicemias,  has  been  utilized  with 
BJccess  ill  the  treatment  of  grave  pni-imionias. 

Vasomotor  and  Depletive  Medications. 

We  have  thus  far  reviewed  the  methods  which  act  locally  upon 
flamed  parts.  There  are,  however,  other  modes  of  treatment  which 
pwiify  the  general  state.  The  therapeutist  may  have  two  objects 
biview:  to  stimulate  or  attenuate  inflammatory  manifestations.  In 
file  former  instance  he  employs  vasodilators,  and  administers,  for 
cample,  triiutrin,  or  causes  the  patient  to  inhale  nitrite  of  amyl. 
pe  often  resort  to  the  first  of  these  medicines  in  the  treatment  of 
pyaipelas.  In  certain  cases  characterized  by  a  tedious  course  and 
bigering  resolution,  truly  interesting  results  are  obtamed.  Inliala- 
pn  of  amyl  nitrite  has  been  employed  by  Dr.  Hayem  in  the  treat- 
tftnt  of  pneumonia. 

'  On  the  other  hand,  when  it  is  desired  to  check  the  inflammatory 
henomena,  ergotiji  or  tartar  emetic  is  sometimes  prescribed  accord- 
IK  to  the  method  of  Rasori.  The  latter  me^licine  is  employed  eape- 
fclly  in  pneumonia.  When  the  individual  is  vigorous  and  the  con- 
ation is  extreme,  from  10  eg.  to  20  eg,  of  it  is  prescribed  in  a  potion 
1 120  grains  (1^  grains  to  3  grains  in  4  ounces);  a  tablespoonful  is 
ifen  every  two  hours. 

(Another  method  consists  in  combating  inflammation  by  means  of 
toeral  depletion.  Two  procedures  are  at  our  disposal:  we  may  give 
te  to  a  serous  exudation,  and  for  this  purpose,  purgatives  and  dras- 
<B  are  prescribed.  This  medication  is  alike  evacuative  and  revul- 
f'e,  as  it  not  only  causes  depletion  but  intestinal  irritation  as  well. 
31  inflammations  do  not  require  this  method.  It  is  indicated  par- 
^larly  in  meningeal  and  cerebral  inflammations.  Calomel  is  pref- 
iikhly  employed.    In  adults  this  substance  is  administered  in  doses 

1  from  ^  gram  to  1  gram  (8  to  15  grains)  divided  into  three  powders 
[Kd  given  at  intervals  of  fifteen  minutes.  In  children  from  10  eg.  to 
!*  eg.  (Ij  to  5  grains}  are  prescribed;  15  or  20  grams  (half  an  ounce) 
fi  castor  oil  is  given  the  following  day.  This  is  the  classical  practice 
'  England,  and  is  to  be  recomTnended.  A  last  therapeutic  means 
insists  in  producing  depletion  by  blood-letting.    In  view  of  the  im- 

ice  of  this  method,  we  shall  devote  to  it  a  special  chapter. 


En 
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Having  studied  inflammation  and  its  treatment  in  a  general  mi 
ner,  it  now  remains  to  consider  the  therapeutics  of  its  various 
sequences.    We  shall  begin  with  the  study  of  exudates. 

Treatment  of  Znflammatoiy  Exudates. 

Treatment  of  Serous  Exudates.  When  inflammatory  exudaii> 
acquire  a  certain  volume  or  oct-upy  an  important  organ  or  tm'', 
they  require  treatment  varjing  according  to  their  se-at  and  nature. 
Their  nature  may  be  serous,  pseudomembranous,  purulent,  or  putrid, 

The  serous  exudates  exert  upon  the  pathogenic  microbes  a  gfrmi- 
cida!  influence  and,  consequently,  represent  a  salutary  reaction,  It 
will  suffice,  for  example,  to  recall  variola.  In  its  confluent  foiHB 
the  edematous  swelling  of  the  face  and  hands  constitutes  an  excellnit 
sign  of  prognosis.  In  certain  cases,  however,  the  efl'ueion  takes  plire 
in  an  important  organ  or  a  deUcate  tis.sue.  It  may  then  havet»u 
inconveniences:  at  times,  owing  to  its  large  volume,  it  acts  mechsni- 
cally  and  hinders  the  regular  function  of  the  organ.  At  other  Vam 
it  separates  superficial  parts  from  deeper  layers,  and  thus  embarrsfss 
their  circulation  and  nutrition,  and  may  even  cause  their  morlific*- 
tion.  In  a  more  advanced  degree  the  exudate,  instead  of  being  simply 
diffuse,  predominate.^  at  one  point.  It  may  then  raise  the  skin  or 
the  mucous  membrane,  producing  bullse  or  phlyctenule.  This  v 
what  occurs  in  the  most  varied  affections,  such  as  herpes,  variwilB, 
erysipelas,  pemphigus,  etc.  When  a  serous  cavity  is  adjacent  to  ilie 
inflamed  part  the  fluid  naturally  flows  into  it.  Pleurisies,  peritonite. 
pericardites,  meningites,  vaginites,  and  aithrites  which  are  the  equh- 
alents  of  edemas  and  bulla',  are  thus  produced.  Tlie  disposition  uf 
the  tissues  being  more  favorable  for  the  free  flow  of  the  fluids,  tic 
latter  exude  in  greater  profusion. 

The  effusion  taking  place  in  a  serous  membrane  likewise  represents 
a  germicidal  exudate.  Its  relations  to  the  subjacent  organs,  how- 
ever, produce  a  certain  number  of  functional  disturbances  and  sug- 
gest some  interesting  therapeutic  indications.  Thus  a  pleuriej",  un 
account  of  its  abundance,  may  embarrass  pulmonary  hematoas  and 
give  rise  to  progressive  asphyxia,  and  even  cause  sudden  death-  I" 
face  of  these  dangers  the  question  is  whether  the  exudate  is  to  be 
respected  on  account  of  its  advantages.  By  compressing  the  lunp 
and  restricting  their  expansion,  by  hindering  their  function,  the  I'fu- 
sion  checks  their  activity  and  condemns  these  organs  t<i  a  state  of 
relative  rest,  or  it  brings  about  immobilization  recalling  thai  fltoi 
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tlie  physician  practises  upon  a  lUseased  joint.  The  problem  thus 
becomes  highly  complex.  It  would  be  equally  rational  to  argue  that 
the  effusion,  by  restricting  pulmonary  activity,  hinders  hematosis, 
ami  consequently  disturbs  the  entire  organism.  On  the  other  hand, 
it  may  be  contended  that  the  effusion  necessitates  a  relative  rest  on 
the  part  of  the  diseased  lung,  and  thus  favors  cicatrization  of  the 
lesion.  The  interest  of  this  discussion  is  not  merely  one  of  specula- 
tion; on  the  contrary,  it  guides  therapeutics.  If  the  bad  effects  are 
thou^t  to  overbalance  the  advantages,  early  intervention  is  necea- 
Bary  to  evacuate  the  fluid  by  thoracentesis.  On  the  other  hand,  the 
physician  should  not  intervene  unless  the  effusion,  owing  to  its  great 
|«bim(Iance,  threatens  to  produce  grave  disorders.  Even  then,  how- 
.  ever,  evacuation  of  only  a  small  amount  of  the  exudate  will  suffice, 
'because  complete  evacuation  is  often  followed  by  a  too  energetic  flux 
of  the  blood  into  the  pre\iously  compressed  vessels,  and  a  consequent 
fintense  congestion.  It  is,  therefore,  almost  universally  agreed  that 
uhe  operation  should  not  be  performed  during  the  acute  stage.  The 
btervention  is  to  take  place  after  the  effusion  has  become  stationary. 
U  the  fluid  tends  to  be  absorbed  then  nothing  is  to  be  done.  On 
me  contrary,  if  it  persists  without  any  notable  modification,  inter- 
tentioD  is  indicated.  If  the  fluid  is  allowed  to  remain  too  long, 
(trophy  of  the  lungs,  thickenings,  and  adhesions  may  occur,  which 
imbarrass  the  function  of  the  organs  and  bring  about  deformity  of 
be  thorax.  Thoracentesis  is  practised  generally  toward  the  fifteenth 
Uy  in  children  and  the  twentieth  day  in  adults.  All  the  fluid  is  not 
bawn,  however;  at  most  one  quart  {one  litre)  should  be  evacuated. 
J  the  fluid  is  reproduced  a  new  puncture  may  be  made.  In  most 
l^ses,  however,  after  the  first  evacuation  absorption  is  completed  of 
iBelf.  This  fact  is  not  to  be  wondered  at.  It  is  the  application 
b  serous  membranes  of  the  general  law  of  pathology.  Every  mi- 
IFobic  lesion  at  the  end  of  a  certain  time  no  longer  tends  to  arouse 
|^;aiiic  reactions.  The  economy  becomes  accustomed  to  the  presence 
if  an  infectious  focus  which  at  first  arouses  its  susceptibility.  A 
nodus  Vivendi  which  may  be  prolonged  almost  indefinitely  is  thus 
istablished.  Intervention  is  then  indicated.  The  organism  being 
lug^h,  the  operation  renews  the  inflammatory  process  and  pro- 
luces  an  increased  circulatory  activity  in  the  lungs,  and  the  change 
hus  caused  is  eminently  favorable  to  the  absorption  of  the  exudate. 
There  is  another  question  to  which  hardly  an  allusion  has  thus  far 
in  made.     Do  exudates  in  general  or,  what  is  easier  to  study, 
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pleural  effusions  contain  figurate  elements  or  soluble  Bubstancei 
exerting  any  action  whatever  upon  the  organism,  either  favdrable 
or  otherwise?  At  present  it  is  well  known  that  even  serous  ml 
transparent  effusions  always  contain  leucocytes.  What  is  the  sig- 
luficance  of  their  presence  from  the  standpoint  of  the  protection  nf 
the  organism?  Of  this  we  know  nothing,  and  we  do  not  comprebfTnl 
their  role  in  those  cases  in  which  the  exudate  is  germless.  On  thf 
other  hand,  as  has  already  been  stated,  even  a  serous  effusion  may 
contain  bacteria,  notably  streptococci.  In  the  case  of  tuberculosis, 
it  often  contains  the  specific  bacillus,  as  has  been  demonstrated  by 
inoculations  into  animals.  This  presence  of  microbes  iu  certain 
exudates  might,  perhaps,  justify  and  commaml  earlier  inter\"ention. 
The  author  says  "perhajB, "  because,  besides  the  difficulty  eiicvun- 
tered  in  determining  whether  living  bacteria  are  present  in  an  esuilaie 
or  not,  it  may  furthermore  be  questioned  whether  these  bacteria  ait 
really  noxious.  Immersed  as  they  are  in  a  great  amount  of  geriiii- 
cidal  fluid,  they  seem  to  have  lost  all  pathogenic  action,  since  thuy 
are  incapable  of  inducing  even  a  purulent  transformation  of  Ihe 
exudate.  Investigations  should  be  pursued  on  this  subject .  It  wouli! 
also  be  interesting  to  take  u]]  tlie  study  of  soluble  toxic  or  antitoxic 
substances  which  may  be  present  in  an  exudate.  Dr.  Gilbert  (uf 
Geneva)  laid  down  the  jiroblem  by  showing  that  the  fluid  of  tuber- 
cular pleurisies,  when  injected  beneath  the  skin,  exerts  a  curative 
action.  It  is  true  that  the  fact  has  been  doubted.  The  author  bus 
therefore,  with  Dr.  Josue,  pursued  some  researches  with  the  fiui<i  of 
experimental  diphtheritic  pleurisies.  The  results  were  negative,  inas- 
much as  the  fluid  experimentally  produced  in  guinea-pigs  contaiii«i 
neither  toxin  nor  antitoxin. 

We  have  expanded  upon  pleural  effusions,  for  they  are  the  most 
frequent,  while  exudates  in  other  serous  membranes  are  of  quitf 
uncommon  occurrence.  While,  in  the  case  of  pleurisies  the  phj'siciaii 
must  he  guided  in  his  intervention  by  the  i)hysical  ^gn.t  ami  tiie 
course  of  evolution,  and  not  by  the  functional  disturbances  wbicliaie 
extremely  deceiving,  in  the  case  of  pericardial  or  meningeal  elTu- 
sions  he  must  act  altogether  differently.  In  the  case  of  the  peri- 
cardium the  physician  must  intervene  when  the  effusion  endanpw 
the  function  of  the  heart,  and  in  the  case  of  the  meninges,  when 
the  exudate  produces  compression  and  intense  heatlaclie.  Luml'flf 
puncture  relieves  the  pain  and  temporarily  reduces  the  incre«.'*it 
intrameningeal   tension  as  well  as  certain  alarming  phenomfiia, 


THERAPEUTICS  OF  INFECTIOUS  DISEASES. 


775 


notably  coma.  In  most  cases  amelioration  is  transitory  and  only 
tielays  tlie  fatiil  terniination.  Nevertheless,  there  are  certain  cases 
on  record  in  which  repeated  punctures  seem  to  have  contributed  to 
recovery.  At  any  rate,  this  inoffensive  operation  seems  destined  to 
be  retained  in  medical  practice  as  a  palliative. 

Acute  inflammations  of  the  peritoneum,  unlike  those  of  the  pleura, 
seldom  result  in  a  serous  effusion  which,  in  case  it  should  be  produced, 
is  too  small  in  amount  to  necessitate  operative  intervention.  In  fact, 
there  is  a  production  of  pseudomembranous  exudates  which  embar- 
rass intestinal  movements.  This  is  a  fortunate  event,  since  the 
extension  of  the  peritoneal  inflammation  is  nothing  else  than  a  series 
of  inoculations  which  take  place  from  point  to  point  as  a  result  of 
contractions  of  the  intestine.  It  is  well,  therefore,  to  complete  the 
work  of  nature  by  further  immobilizing  the  intestinal  coils,  a  result 
that  may  be  obtained  by  the  administration  of  opium  or  morphine- 
Operative  intervention  is  at  times  indicated  only  in  subacute  or 
chronic  infections,  and  notably  in  tuberculosis.  Two  kinds  of  opera- 
tions may  be  performed:  one  simply  palliative,  the  other  curative. 
In  the  so-called  ascitic  form  of  tubercular  peritonitis  paracentesis  is 
practised  because  the  effusion,  owing  to  its  abundance,  produces 
functional  disorders.  The  liquid,  however,  is  seldom  sufficiently  pro- 
fuse to  render  this  operation  necessary,  and,  on  the  other  hand,  it  is 
generally  contained  between  adhesive  bands  of  pseudomembranes 
which  prevent  its  free  flow.  It  is  true  that  the  operation  may  be 
completed  by  irrigating  the  serous  membrane  by  means  of  boiled 
borated  water  at  102.2°  or  104°  F.  (39°  or  40°  C).  Irrigation  is 
continued  until  the  returning  fluid  becomes  perfectly  clear.  This 
method,  for  which  we  are  indebted  to  Dr.  Debove,  has  been  employeil 
with  success  in  a  number  of  cases.  Tlie  irrigations  are  followed  by 
a  sufficiently  strong  inflammatory  reaction.  The  lesions  subse- 
quently undergo  resolution.  Another  procedure,  the  efficacy  of 
which  was  demonstrateil  by  the  experiments  of  Dr.  Teissier,  consists 
in  injecting  into  the  peritoneum  sterilized  gases — oxygen  or  nitrogen. 

Lastly,  one  of  the  most  extraordinary  therapeutic  methods  applied 
to  tubercular  peritonitis  m  laparotomy.  The  peritoneal  cavity  is 
opened,  and  then,  after  irrigation  by  means  of  boiled  water,  it  is 
dressed.  As  a  result  the  lesions  subside.  In  this  manner  recovery 
has  been  obtained  in  75  per  cent,  of  the  eases  in  adults  and  87  per 
cent,  in  children.  This  is  what  takes  place,  at  least  in  the  ascitic 
form.    In  the  ulcerative  variety,  out  of  twenty-two  laparotomies  nine 
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were  followeil  by  death.  Out  of  thirteen  other  patients,  only  IhiK 
remained  in  a  satisfactory  state.  Finally,  in  the  fibrous  variety, 
recovery  reaches  65  per  cent.  The  mechanism  of  recovery  foHowiag 
operative  intervention  has  been  a  subject  of  extensive  discusidri. 
Numerous  experiments  have  lieen  undertaken  bearing  upon  tlii- 
subject.  All  clinical  as  well  as  experimental  documents  show  ihat 
laparotomy  succeeds  particularly  in  tliose  cases  wliich  t«tii!  toward 
recovery  or  at  least  toward  a  chronic  state  compatible  with  life.  Tlii- 
slightest  cause  is  then  sufficient  to  arouse  the  sluggisli  reactions  of 
the  organism.  Laparotomy,  still  better  than  aseptic  irrigations  or 
injections  of  gas,  produces  a  slight  inflammation  and,  newreitating 
an  effort  of  reparation  on  the  part  of  the  organism,  brings  abnul 
cicatrization  of  both  the  operative  wound  and  the  pre-ejdstin^ 
lesions.  The  organism,  being  forced  to  supply  cells  and  to  secrete 
exudates  for  the  reparation  of  the  surgical  incision,  resumes  comci- 
dently  the  work  which  it  had  once  begun  for  the  destructior  of  tlif 
tubercle  and  of  the  infectious  agents  living  therein.  In  brief,  all 
these  therapeutic  procedures  act  simply  by  awakening  a  curative 
inSammation  which  had  too  soon  fallen  into  slumber. 

Serous  effusions  of  the  tunica  vaginalis  or  of  lite  articular  synonais 
seldom  invite  operative  intervention.  In  cases  in  which  the  pan 
caused  by  inflammation  of  the  tunica  vaginalis  is  very  intccw,  a 
puncture  is  practised  which,  diminishing  the  tension,  causes  the 
painful  phenomena  to  disappear.  Finally,  as  in  the  case  of  the  pleura, 
when  the  effusions  pass  into  a  chronic  state  and  present  no  tendency 
to  absorption,  the  fluid  must  be  evacuated.  As  in  the  case  of  ilie 
pleura,  however,  it  seems  that  effusions  of  the  serous  membranes  are 
always  produced  consecutively  to  a  lesion  of  the  neighboring  pari.^. 
and  especially  of  subjacent  organs.  Hydrocele  is  a  true  chronir 
inflammation  of  the  tunica  vaginalis.  It  is  to  be  noted  that,  unlike 
what  occurs  in  other  serous  membranes,  evacuation  of  the  fluid  lioe- 
not  suffice  to  bring  about  recovery.  It  te  necessary,  in  addition,  if 
inject  an  irritant  and  give  rise  to  a  curative  inflammation. 

In  those  cases  in  which  the  serous  exudates  raise  the  epidermis  or 
the  epitheUal  lining  of  a  mucous  membrane  which  is  readily  accesable 
immediate  intervention  is  evidently  indicated.  The  bulla  should  hf 
punctured  by  means  of  a  sterilized  needle,  and  the  fluid  evacuaieil 
by  gentle  pressure  with  the  finger.  The  operation  is  done  precisely 
as  in  the  dressing  after  the  application  of  a  vesicatory.  By  ibis 
small  operation  the  painful  tension  is  diminished  and  the  liqui'^ 
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containing  microbes  and  toxins  is  thrown  out.  Finally,  repair  is 
favored  because,  without  this  precaution,  suppuration  or  ulceration 
might  take  place. 

When  seroua  exudates  are  produced  in  visceral  cavities  and  not- 
ably in  the  digestive  tract,  an  easy  issue  is  assured.  The  organism 
daily  employs  this  means  of  defense.  \''omiting  and  diarrhea  repre- 
sent the  production  of  serous  secretions  designed  to  combat  infec- 
tion, \-iz,,  to  eliminate  microbes  and  t!ieir  toxins.  Tlierapeutics  is 
guided  by  the  same  principles  in  prescribing  emetics  and  purgatives. 
Diese  medicines  produce  secretions  which  wash  the  affected  parts. 
An  emetic  may  likewise  serve  to  eject  exudates  produced  in  the 
respiratory  apparatus.  The  movements  of  the  diaphragm  and  the 
thoracic  muscles  compress  the  lungs  and  expel  the  pathological  fluids 
Micumberint?  them. 

Treatment  of  Purulent  Exudates.  While  serous  exudates  are  dan- 
gerous only  by  their  quantity  and  the  disturbances  which  they 
mechanically  cause  in  the  neighboring  organs,  purulent  exudates  are 
af  greater  importance  and  requu-e  more  prompt  intervention. 

Purulent  transformation  is  indicative  of  great  activity  on  the  part 
[rf  the  pathogenic  agents.  Their  toxins  give  rise  to  profuse  diape- 
ilesis.  While  the  leucocytes  are  not  killed  in  the  yellow  serous  exu- 
date, in  pus  they  undergo  a  special  transformation — a  fermentation 
•—which  causes  their  death  and  changes  them  into  useless  foreign 
bodies.  As  has  already  been  stated,  a  serous  effusion  produces  noth- 
ing more  than  mechanical  disturbances.  A  purulent  effusion,  on  the 
ather  hand,  modifies  the  organism  more  profoundly.  The  general 
rtate  is  affected,  fever  sets  in,  and  grave  phenomena  may  appear. 
lOiis  different  mode  of  action  of  the  two  kinds  of  effusions  resulte  in 
profound  difference  in  the  reactions  of  the  organism.  When  effusion 
b  of  a  serous  character,  the  organism  makes  no  effort  to  throw  it 
out;  when  effusion  is  purulent,  modifications  which  terminate  in  the 
evacuation  of  the  morbid  focus  occur.  This  is  the  tendency  of  every 
purulent  focus,  viz.,  to  open  outward  or  into  a  cavity.  These  spon- 
taneous openings,  however,  have  three  inconveniences:  they  may 
Mcur  in  an  organ  of  great  physiological  importance  or  enter  a  cavity 
which  may  serve  as  an  excellent  niedium  for  the  multiplication  of 
the  microbe.  The  result  is  often  the  occurrence  of  serious  accidents 
rapidly  ending  in  death.  A  visceral  abscess,  until  then  well  borne, 
when  it  discharges  into  the  peritoneal  cavity,  produces  inflammation 
in  the  serous  membrane  which  ends  fatally.    In  this  case  the  organ- 


778 


INFECTIOUS  BISEASES. 


ism  follows  its  tendency  to  throw  out  the  harmful  element,  but  its 
intervention  is  blind  and  gives  rise  to  gi-aver  disorders  than  the 
primary  lesion. 

The  second  inconvenience  of  spontaneous  openings,  eveji  of  those 
which  occur  under  favorable  conditions,  is  that  they  are  effected  too 
tardily.  The  consequence  is  that  the  organism  is  subjected  too  long 
to  the  action  of  toxins  and  that  the  atljoining  parts  of  the  purulmt 
focus  are  too  profoundly  altered  to  recover.  Finally,  the  Bpontaneous 
openings  are  generally  too  small,  the  discharge  is  not  well  effcctei, 
and  the  pus  stagnates  and  may  undergo  putrid  decomposilioii.  Cr 
else  fistulous  tracts  are  produced,  ending  in  the  formation  of  pr- 
manent  fistula.  If  suppuration  is  finally  arrested,  deformed  cIm- 
trices  persist  which  often  cause  functional  difficulties.  Tliese  ron- 
siderations  e.'cplain  why  timely  intervention  is  necessary.  Indsion 
permits  the  flow  of  the  pus  under  the  most  favorable  conditions  at 
the  most  favorable  point,  through  a  sufficiently  large  opening  ainl 
at  a  period  when  the  economy  is  not  too  profoundly  intoxicateii  fuiil 
when  the  neighboring  parts  of  the  focus  are  not  yet  deeply  nSfecU'il. 
Incision  must  be  practised  as  soon  as  the  pus  is  eoiJectetl,  aii-l  it 
must  be  made  at  a  low  point.  If  the  focus  is  large  and  preseiil* 
ventricles,  it  is  often  necessary  to  make  counterupenings.  In  order 
to  assure  the  flow  of  the  fluid  and  prevent  the  incision  from  closing 
prematurely,  the  lips  of  the  wound  should  be  kept  open  by  means 
of  gauze  or  drainage-tubes.  Wlien  dealing  with  a  voluminous  but 
well-circumscribed  abscess,  situated  in  the  face  or  neck,  the  author 
has  been  in  the  habit  of  making  a  small  puncture  and  introducing 
into  the  focus  Florence  horsehair  curved  in  arch-f*liape  ui  ordpr  to 
avoid  a  cicatrix.  In  this  way  a  very  easy  lUscharge  is  assured,  anil 
the  incision  is  so  small  as,  in  mt>st  cases,  to  leave  no  visible  mark. 

In  all  cases  the  discharge  should  continue  for  a  few  days  following 
the  incision.  Tlie  exudate  then  represents  a  sort  of  washing  per- 
formed by  the  organism  for  eliminating  the  microbes  and  torn*. 
Guided  by  this  fact,  lavage  with  aseptic  or  slightly  antiseptic  ftuiA-' 
may  be  employed,  and  the  work  of  nature  thus  be  completed.  Tiet* 
lavages  also  have  the  aclvantage  of  detaching  and  washing  nut  ilewi 
cells,  small  foreign  bodies,  and  at  times  sequestr^e.  Spontaneous 
rejection  of  these  liarmful  element-s  is  long  and  difficult.  Even  lavage 
may  be  insufficient  to  carry  them  away.  Then  curettage  and,  in 
certain  cases,  more  important  operations  are  resortwl  to  for  lif 
purpose  of  exposing  necrosed  parts  and  extracting  them.    An  osseous 
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sequeatrum,  for  example,  may  keep  up  a  discharge  for  years,  but 
when  it  is  extirpated,  recovery  follows  in  a  few  days. 

Medical  advance,  by  enabling  the  practitioner  to  detect  visceral 
suppurations  and  establish  their  localization  by  the  study  of  symp- 
toms, have  led  him  to  intervene  in  cases  of  deep-seated  lesions, 
visceral  abscesses,  such  as  those  of  the  liver,  kidneys,  and  lungs,  or 
of  the  nervous  centres,  and  to  open  serous  cavities,  and  to  trepan  a 
bone.  Surgical  intervention  is  not,  however,  always  indispensable. 
Purulent  foci  are  sometimes  suppressed  spontaneously,  and  the 
microbes  perish.  The  pus  is  then  absorbed  or  undergoes  fatty  meta- 
morphoses, or  else  it  is  transformed  into  a  semisolid  mass  which  may 
later  become  infiltrated  with  calcareous  salts,  and  thus  be  rendered 
entirely  inoffensive.  In  order  to  formulate  the  rules  of  intervention, 
we  must  take  into  account  a  good  many  factors,  such  as  the  seat  of 
tlie  lesion,  the  nature  of  the  causative  microbe,  the  course  of  the  local 
syniptoniB,  and  the  concomitant  general  phenomena.  As  regards 
localization,  it  will  suffice  to  recall  what  occurs  in  the  serous  carities. 
Intervention  must  be  immediate  in  the  case  of  the  i>eritoneum,  in 
order  to  prevent  an  early  fatal  terniiuation,  and  it  must  be  prompt 
in  the  case  of  articulations,  in  order  to  prevent  consecutive  ankylosis. 
On  the  other  hand,  purulent  pleurisy  is  far  better  borne,  and  at 
times,  when  it  is  encj'sted,  it  may  heal  spontaneously  by  vomica. 
Early  intervention  is,  however,  preferable,  since  it  prevents  second- 
ary alterations  of  tlie  lungs  and  pleura.  Tlie  nature  of  the  causative 
agent  is  also  to  lie  considered.  As  a  rule,  suppurations  with  strep- 
tococci require  rapiii  intervention  an{l  radical  operation.  A  large 
incision,  assuring  an  easy  flow,  is  inclisirensable.  Suppurations  due 
to  pneumococcj  are  less  liable  to  be  reproduced  and  often  recover  in 
consequence  of  simple  cvacuative  puncture.  Finally,  non-microbic 
suppiu'ations  are  commonly  well  borne  and  may  be  absorbed  with- 
out operative  intervention. 

Besides  bacteriological  examination,  which  alone  can  conclusively 
demonstrate  the  nature  of  the  causative  agent,  therapeutic  indica- 
tions niay  be  drawn  from  the  local  and  general  phenomena.  Thus 
^e  author  has  seen  the  development  of  a  pleuritic  effusion  during 
convalescence  from  typhoid  fever.  This  effusion,  occurring  without 
any  functional  disturbance  and  giving  rise  to  no  fever,  seemed  to  be 
of  a  serous  nature.  In  order  to  assure  the  diagnosis,  however,  a  few 
days  later  the  author  made  an  exploratory  puncture,  which  brought 
out  a  seropundent  liquiil.  The  latter,  however,  contained  no  microbe. 
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but  agglutinated  energetically  the  typhoid  bacillus.  As  the  genml 
state  seemed  to  be  very  satisfactory,  he  did  no  more  than  apply » 
few  cutaneous  revulsives,  and  the  fluid  was  gradually  absorbed  anil 
disappeared.  Here  is  a  case  in  which  the  study  of  the  morbid  s}iu|i- 
toma  did  not  justify  intervention;  but  in  the  case  of  an  erronetiut 
interpretation  of  the  nature  of  the  effusion,  exploratorj-  puncture, 
by  giving  exact  information,  might  have  modified  our  first  rondu- 
sion.  Bacteriological  examination,  however,  brought  us  back  to  the 
idea  of  abstention,  and  the  evolution  demonstrated  that  in  fact  it 
was  useless  to  intervene. 

We  cannot  review  all  the  indications  and  contraindications  tlist 
are  to  be  taken  into  account  when  the  rules  of  intervention  aretu 
be  settled.  While  in  certain  cases  these  rules  are  relatively  simple, 
in  others  discussion  is  not  yet  at  an  end-  It  will  suffice  to  recall  ntat 
occurs  as  regards  appendicitis.  The  lesion  is  not  treated  by  iiicisioQ 
of  the  focus,  but  by  extirpation  of  the  diseased  organ.  While  certain 
siu'geons  operate  as  soon  as  the  diagnosis  is  made,  others  prefer  Ki 
wait  and  not  intervene  until  after  the  disappearance  of  the  acut* 
symptoms.  In  view  of  the  discussions  that  have  taken  place  and  of 
the  contradictory  facts  that  have  been  reported,  it  may  be  statf"! 
that  at  the  present  time  no  problem  is  more  troublesome,  no  qufstioD 
engages  more  responsibility  or  produces  more  anxiety  than  the  adiire 
to  be  given  in  cases  of  appendicitis. 

Although  surgical  intervention  is  possible  when  suppuration  is 
localized  at  a  point,  it  cannot  evidently  be  resorted  to  against  ansll 
disseminated  lesions.  We  may  open  a  pulmonarj-  abscess,  but  we 
are  unable  to  intervene  against  a  purulent  bronchitis  or  a  broncho- 
pneumonia which  has  terminated  in  multiple  lobular  suppurations. 
In  this  case  the  organism  endeavors  to  eject  the  purulent  esudfltw 
by  coughing  and  at  times  by  vomiting.  The  pliysician  must  act  in 
the  same  manner.  He  must  prescribe  substances  which  favor  lique- 
faction of  the  exudate  and,  consecutively,  its  ejection  throu^ 
expectoration.  The  sulphur  and  antimony  preparations  are  indi- 
cated here.  If  this  medication  proves  insufficient,  an  emetic  may 
accomplish  more  thorough  cleansing  of  the  respiratory  apparatiL*. 
While,  however,  an  emetic  yields  good  results  in  young  children,  the 
older  the  patient  the  less  easily  he  can  bear  it.  It  should  never  I* 
employed  in  the  aged,  since  it  may,  by  the  efforts  which  it  produws, 
cause  vascular  ruptures  or,  at  least,  give  rise  to  considerable  d 
sion  and  collapse. 
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Treatment  of  Pseudomembrajious  Exudates.  The  third  variety 
F  inflammatory  exudates  is  represented  by  pseudomembranous  exu- 
ates.  The  therapeutic  rule  is  here  very  simple.  The  false  mem- 
rane  is  a  barrier  opposed  to  the  infection,  but  it  is  full  of  microbes 
id  toxins.  The  organism  should,  therefore,  be  freed  from  it.  This 
lay  be  accomplished  by  irrigations,  scrapings,  forcible  removal  of 
le  membrane,  and  cleansing  by  means  of  forceps  or  cotton.  The 
ily  precaution  to  be  taken  is  to  avoid  as  much  as  possible  hurting 
le  subjacent  mucous  membrane.  It  is  precisely  for  this  reason  that 
lany  advocate  abstention,  at  least  in  cases  of  angina,  since  too 
lei^tic  intervention  might  harm  the  mucous  membrane.  They 
adeavor  to  detach  the  pseudomembranous  exudates  by  means  of 
rigations.  At  any  rate,  intervention  is  far  less  urgent  than  in  cases 
f  suppuration,  for  the  pseudomembrane  represents  a  barrier  oppos- 
ig  the  progress  of  the  infection.  As  we  have  several  times  remarked, 
rhile  warding  off  certain  dangers  the  pseudomembrane  may  create 
thers.  By  reason  of  its  localization  it  may  bring  about  serious 
inctional  disturbances  and  necessitate  surgical  intervention,  such 
8  tracheotomy,  which  is  rather  a  palliative. 

Treatment  ol  Gangrenous  Lesions.  The  more  noxious  the  inflam- 
Qatory  exudates  the  more  prompt  and  energetic  intervention  must 
«.  In  the  case  of  a  gangrenous  or  putrid  lesion,  operation  must  be 
jerformed  as  soon  as  possible,  for  the  reason  that  the  toxins  produced 
(y  the  microbes  are  so  strong  that  the  cells  in  contact  with  them 
lannot  react,  but  die  and  undergo  putrefaction,  which  adds  new 
larmful  substances  to  the  medium.  These  putrid  poisons  being 
ibsorbed,  impregnate  the  entire  economy  and  rapidly  produce  a  very 
[rave  general  condition. 

As  soon  as  the  existence  of  a  putrid  or  gangrenous  focus  is  deter- 
nined,  it  must  be  freely  incised  and,  if  possible,  the  walls  must  be 
Kjraped  and  frequent  irrigations  practised.  These  rules  are  easily 
ijjplicable  to  putrid  plemisies.  They  may  also  be  employed  in  cases 
(f  pulmonary  gangrene.  Unfortunately,  in  the  latter  case  interven- 
ion  is  more  uncertain ,  and  the  inihvitluals  operated  upon  too  often 
luccumb,  at  times  tardily,  to  uncontrollable  hemorrhi 

For  the  treatment  of  gangrenes  the  author  has  for  some  time  been 
n  the  habit  of  employing  peroxide  of  hydrogen.  Many  patients  suf- 
'ering  from  erysipelas  or  a  gangrenous  phlegmon  of  the  extremities 
■ecovered  under  this  procedure.  The  author  prescribes  every  day  a 
ocal  bath,  lasting  for  an  hour,  in  a  1 :  10,000  solution  of  potassium 
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permanganate.  The  timb  is  then  surrounded  witli  corapresaes  o[ 
peroxide  of  hydrogen.  In  mild  cases  this  treatment  is  suffii^ieiit.  lii 
grave  cases  a  subcutaneous  or  interstitial  injection  of  peroxidp  ol 
hydrogen  is  given  morning  and  evening.  The  author  emploj's  Ihf 
commercial  solution,  to  which  is  added  an  equal  volume  of  a  4:  IDW 
sodium  bicarbonate  solution.  Morning  and  evening  5  c.cm.  or  6  cm 
sometimes  10  c.cm.  of  this  solution,  are  injected  through  several  pua^ 
tures  all  around  the  sphacelated  parts.  The  injections  are  giveu  ym 
slowly,  so  as  not  to  distend  the  tissues  too  rapidly  by  the  gas  and  lo 
avoid  penetration  into  some  open  bloodvessel.  Under  this  treat- 
ment putrefaction  is  arreste*.!  and  the  eschars  are  soon  detached. 

When  a  gangrenous  focus  is  liniiteil  the  resistance  of  the  orgaiusm 
is  not  yet  overcome,  and  conse<iuently  operative  assistance  maybe 
of  service.  If,  however,  the  lesion  is  diffuse,  if  the  tissues  are  simply 
the  seat  of  a  sphacelus  in  the  absence  of  a  focus,  the  diseased  parts 
cannot  be  extirpated.  Such  Ls  notably  the  case  in  gangrene  of  the 
extremities.  ^VTien  the  lesions  are  extensive  but  superficial,  for 
instance,  as  a  result  of  IjTnphangitis  anrl  erysipelas  of  the  lower 
extremities,  if  the  general  state  is  fairly  satisfactory,  recovery  may 
be  obtained  by  means  of  appropriate  dres.sings,  by  the  employment 
of  antiseptics  and  subcutaneous  injections  of  peroxide  of  hydrogen. 
Too  often,  however,  the  toxins  produced  in  the  necrosed  parts  give 
rise  to  serious  symptoms  and  necessitate  amputation  of  the  extreniilj' 
above  the  diseased  parts.  This  operation  is  the  only  one  available  in 
cases  of  total  or  difTuse  gangrene.  Whether  the  accidents  are  liue 
to  an  acute  or  chronic  arteritis  or  are  dependent  upon  the  sepiic 
vibrio,  there  is  no  chance  of  recovery  except  by  removing  the  entire 
diseased  parts.  In  some  cases,  however,  the  apparently  healthy 
tissues  are  ah-eady  invaded  and  the  gangrenous  process  reappears  in 
the  operative  wound. 

Gangrenes  are  not  always  hopeless  as  regards  prognosis.  An  aSef- 
tion  designated  by  the  characteristic  name  bejiign  gangrene  of  the 
bronchial  extremities  has  long  been  known.  We  have  reported 
observations  of  gangrenous  mammitis  and  of  curable  gangrene  of  tfif 
eyelids  which  have  terminated  without  causing  any  serious  si-mp- 
toms.  Lastly,  among  gangrenous  anginas  there  are  some  in  which 
the  limited  sphacelus  only  slightly  disturbs  the  general  eondilioo  of 
the  patient.  In  all  these  cases  the  indication  is  the  same  as  tot 
purulent  exudates,  and  local  intervention  or  antiseptics  r 
greater  service. 
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Treatment  of  Nodular  Lesions.  The  last  form  of  inflaniinatory 
reaction  consists  in  the  ])rniIuction  of  nodules  the  extent  of  which  is 
extremely  variable.  W^hen  small,  the  granulations  are  generally  \'ery 
numerous  and  disseminated,  and  intervention  is  impossible.  \A'hen 
they  are  united  in  a  mass  they  behave  as  a  tumor  and  require  the 
same  treatment  as  the  latter — that  ie,  extirpation.  Finally,  when 
the  mass,  after  having  been  caseated,  is  softened,  treatment  is  the 
same  as  in  cases  of  suppurating  foci.  In  both  orders  of  lesions  the 
natural  tendency  is  to  open  outwardly,  but  the  opening  is  tardy  and 
insufficient.  We  must,  therefore,  intervene,  mcise  the  focus,  scrape 
the  walls,  extirpate  the  parts  too  profoundly  altered,  and  then  keep 
in  contact  with  the  focus  modifying  substances  or  antiseptics.  Among 
the  latter  iodine  preparations  are  most  commonly  employed. 

It  is  not  to  be  overlooked,  however,  that  in  tuberculosis  surgical 
intervention  has  sometimes  been  the  point  of  departure  for  an  acute 
attack. 

Patients  who  supported  a  local  lesion  fairly  well  have,  in  conse- 
quence of  an  operation,  developefi  grave  symptoms  antt  succumbed 
t-o  an  attack  of  acute  mihary  tuberculosis. 

Treatment  of  Hemorrhages.  Hemorrhages  occurring  in  the 
course  of  infectiou.s  diseases  maybe  divided  into  two  groups:  Some 
are  local  hemorrhages  producenl  in  an  inflamed  part  as  a  result  of  the 
too  great  intensity  of  morbid  phenomena  and  the  accitlental  altera- 
tion of  bloodvessels.  Hemorrhage  may  be  slight  or  grave,  transitory 
or  recurring,  but  it  is  generally  produced  at  one  point  or  at  a  series 
of  points  close  to  each  other.  The  second  group  comprises  hemor- 
rhages resulting  from  general  modification  of  the  organism.  These 
are  not  necessarily  serious.  In  a  gootl  many  infections,  small  cuta- 
neous hemorrhages  occur  which  ui  nowise  render  prognosis  imfavor- 
able.  Such  is  not  the  case,  however,  when  multiple  and  repeated 
hemorrhages  take  place.  We  are  then  in  the  presence  of  the  hemor- 
rhagic forms  of  infections.  To  this  group  belong  the  putrid  fevers 
of  Uie  ancients.  In  this  case  the  treatment  must  be  directed  to 
modify  the  general  state  of  the  economy,  and  particularly  the 
chemical  constitution  of  the  blood. 

HamarrlisgeB  Doe  to  Local  Oausei.  Hemorrhages  arising  from  local 
causes  may  be  due  to  jiarticularly  intense  inflammation.  Conges- 
tion in  this  case  terminates  in  rupture.  In  other  instances  inflam- 
mation is  mild,  but  occurs  in  an  individual  predisposed  to  local  or 
general  hemorrhages.    Lastly,  in  a   third  group  may  be  classed 
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those  cases  in  which  a  morbid  process  involves  a  bloodvessel  and 
ulcerates  it. 

Hemorrhages  resulting  from  too  great  intensity  of  a  reactionary 
process  are  frequent  and,  as  a  rule,  of  little  gravity.  They  may  be 
observed  in  the  skin,  in  the  mucous  membranes,  and  in  the  organs. 
Infectious  exanthemata  and  enanthemata,  when  somewhat  intense, 
produce  small  vascular  ruptures,  especially  in  those  parts  m  which 
the  circulation  is  more  or  less  embarrassed.  When  scarlatinal  erup- 
tion is  intense  small  patches  of  purpura,  which  have  no  prognostic 
value,  are  often  observed,  particularly  in  the  lower  extremities.  Simi- 
larly, in  cases  of  confluent  variola,  the  pustules  upon  the  legs  and 
hands  are  sometimes  filled  with  blood;  their  color  changes;  they 
become  browTiish,  and  are  soon  covered  with  black  crusts.  These 
small  hemorrhages  have  no  serious  significance.  They  often  seem  to 
exercise  even  a  favorable  action  upon  the  course  of  the  local  process. 

Small  hemorrhages  are  like^idse  produced  in  inflamed  mucous  mem- 
branes. At  times  they  present  a  spotted  aspect.  For  example,  a 
mottled  red  patch  occurs  in  the  throat  in  cases  of  angina.  In  some 
cases,  as  the  mucous  membrane  is  less  resistant  than  the  skin,  the 
blood  flows  out.  In  the  case  of  coryza,  epistaxis  is  the  result;  in  the 
case  of  angina,  laryngitis  and  bronchitis,  some  spitting  of  blood;  in 
ciises  of  gastritis  or  intense  enteritis  blood  appears  in  the  vomit  and 
dejecta.  The  intestinal  hemorrhages  occurring  at  the  beginning  of 
typhoid  fever  must  likewise  be  attributed  to  the  great  viole^nce  of 
the  infectious  process.  As  is  known,  their  prognosis  is  generally 
favorable.  Among  the  hemorrhages  which  may  take  place  in  paren- 
chymatous organs,  those  interesting  for  the  therapeutist  are  ex- 
l)resseil  by  appreciable  symptoms.  In  this  connection  two  organs 
])articularly  deserve  study:  the  lungs  and  the  kidneys. 

In  cases  of  bronchopneumonia  infarctions  may  occur  in  tlie  in- 
flamed nodules,  but  they  generally  remain  unnoticed.  More  exten- 
sive infarctions  give  rise  to  bloody  expectoration.  In  the  kidneys, 
infianmiatory  hemorrhages  are  frequent  and  readily  recognized  by 
hematuria.  In  primary  acute  and  in  scarlatinal  nephrites,  hematuria 
is  often  very  pronounced  and  sometimes  represents  the  first  morbitl 
manifestation.  It  may  occur,  although  seldom,  in  erysipeliL*?.  In 
this  instance,  however,  it  lasts  longer  than  in  scarlatinal  nephritis 
without  having  any  prognostic  gravity.  Hemorrhagic  nei)hritis  is 
altogether  rare  in  other  infections,  except  those  attended  by  multij  k' 
hemorrhages  indicating  profound  alteration  of  the  organism. 
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Now,  a  few  words  in  reference  to  hemorrhages  dependent  upon 
bdividual  predisposition.  Small  ecchymoaes  in  the  lower  extremities 
b  the  course  of  various  eruptive  fevers,  measles,  scarlatina,  or  variola 
Bcur  in  subjects  having  voluminous  varices.  The  eruption  of 
Beasles  may  also  sometimes,  here  and  there,  assume  an  ecchymotic 
^pect.  This  occurs  particularly  in  children  suffering  from  whooping- 
Ough  and  in  men  taking  copaiba  (page  434).  In  other  instances  tlie 
emorrhagic  tendency  is  explained  by  the  state  of  the  subject,  who 
I  suffering  from  a  previous  hemophilia,  or  who  is  under  the  influence 
i  another  infection  or  intoxication. 

Hemorrhages  resulting  from  the  extension  of  an  infectious  process 
tto  bloodvessels  are  more  important.  In  most  cases  this  extension 
( effected  so  slowly  as  to  permit  the  formation  of  a  vascular  throm- 
tOsoB.  If,  however,  the  course  is  rapid  or  particularly  intense,  the 
leesel  is  opened,  and  the  hemorrhage  thus  occurring  may  be  serious 
nough  to  cause  death,  aa  it  may,  for  example,  happen  in  the  third 
tage  of  typhoid  fever. 

H«monh&ge8  Due  to  General  Oauiei.  Along  with  hemorrhages  aris- 
Bg  from  local  causes  are  to  be  placed  those  dependent  upon  a  general 
Bodificatioa  of  the  organism.  We  shall  divide  them  into  three 
fx>ups.  A  hemorrhage  may  represent  a  symptom  of  infection.  Such 
i  the  case  in  purpura.  It  may  dejjend  upon  the  lesion  of  an  organ 
rhich  plays  an  important  role  m  the  coagulability  of  the  blood.  Such 
i  the  case  in  infectious  grave  icterus.  Finally,  and  this  is  the  group 
Irfaich  we  must  particularly  study,  it  may  result  from  special  viru- 
6nce  of  the  pathogenic  germ.  They  then  constitute  a  particular 
prm  of  the  disease  which,  in  certain  cases,  differs  entirely  from  the 
laasical  type.  Thus,  hemorrhagic  forms  of  measles,  scarlatina,  and 
yphoid  fever  have  been  described.  These  facts  are,  however,  excep- 
ional,  and  the  most  interesting  disease  from  this  standpoint  is 
mdoubtedly  variola.  In  hemorrhagic  variola  bloody  effusions  may 
iccur  in  any  tissue  antl  organ.  There  may  be  observed  purpura, 
lutaneous  ecchymoses,  and  bulla;,  subconjunctival  and  buccopharyn- 
geal ecchymoses,  epistaxis;  gastric,  intestinal,  uterine,  renal,  or  pul- 
flonary  hemorrhages,  and  extensive  bloody  infiltrations  beneath  Ihe 
kin  and  in  the  serous  membranes.  However  multiple  they  may 
K,  however  many  parts  of  the  body  they  may  affect,  and  however 
^ve  in  character,  hemorrhages  do  not  occur  at  all  points  of  tlie 
Ig^anism,  The  alteration  of  the  blood  does  not,  therefore,  explain 
he  phenomena  completely.    We  must  admit  either  a  pre<iisposition 
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or  some  concomitant  lesion  in  the  parts  which  become  the  spai  li 
the  bloodj'  effusion. 

Although  hemorrhagic  infections  mostly  belong  to  the  grnuiio! 
general  infectione,  a  locahaed  focus  may  give  rise  to  toxins  suffiiiently 
abundant  and  active  to  impregnate  the  entire  economy  and  caa^f 
hemorrhages  at  points  distant  from  the  primary  lesion.  Dr.  Dieulaioy 
has  called  attention  to  facts  of  this  kind  by  showing  that,  in  cerlffln 
lesions  of  the  intestine,  and  notably  in  appendicitis,  noxious  eub- 
stances  are  elaborated  which  explain  the  occurrence  of  heniorrlmges 
at  distant  points^or  example,  hematemeeis. 

Tlie  preliminary  considerations  above  presented  show  us  how 
infectious  hemorrhages  may  be  divided  theoretically.  They  e9tab!L«li 
at  the  same  time  that,  in  the  majority  of  cases,  the  process  is  complex. 
The  therapeutist  must,  therefore,  frequently  resort  to  local  meiiica- 
tion  as  well  as  to  medication  capable  of  modifying  the  genersl 
state. 

Ttaeiapeutic  Indicationa.  The  first  indication  is  to  prescribe  real  and 
immiihility.  A  movement  may  cause  detachment  of  the  clots  occlud- 
ing the  open  vessels,  and  thus  renew  the  hemorrhage.  In  the  paw 
of  a  patient  for  whom  baths  have  been  prescribed,  these  should  ix' 
discontinued.  If  the  patient  is  agitated  or  delirious,  it  will  be  a(i\Ts- 
able  to  prescribe  soothmg  medications,  for  instance,  opium  or  mor- 
phijie,  so  as  to  insure  complete  quiet.  Opium  is  generally  indicated 
when  the  patient  coughs,  even  though  no  bronchial  or  puhnonaK 
hemorrhages  exist,  for  the  effort  involved  in  coughing  may  ilctarfi 
the  clut.  It  should  be  remembered  that  whooping-cough  is  of  itself 
sufficient  to  produce  hemorrhages.  These  precautions  being  taken. 
it  woultl  be  well  to  further  prescribe  substances  which  increjise  the 
coagulability  of  the  blood.  Even  when  the  question  is  one  of  local 
hemorrhages,  the  dyscrasic  modifications  resulting  from  infeciion 
tend  to  maintain  or  aggravate  the  flow  of  blooti.  For  this  purpot* 
acid  beverages  have  long  been  in  use.  Citric  acid  or  sulphuric  arid 
lemonade  may  be  prescribed.  Haller  employed  in  hemorrhage 
variola  the  acid  elixir  bearing  liis  name  and  which  is  nothing  eb* 
than  a  dilution  of  sulphuric  acid.  Sydenham  asserted  that  sulphiirif 
acid,  given  in  small  beer,  was  the  specific  medicine  for  confluent  aiid 
hemorrhagic  variola.  At  present  use  is  made  only  of  Rabel's  wiit« 
(Eau  de  Rabel)  which,  as  is  known,  is  a  mixture  of  100  part.*  of 
official  sulphuric  acid,  300  parts  of  alcohol  (at  90°  F.).  and  4  parts 
of  petals  of  red  poppy.    Thus  is  formed  an  ethyl  sulpliste  the  laflc 
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t  irtiich  recalls  that  of  old  brandies.  One  may  prescribe  a  lemonade 
Ontaining  5  per  1000  of  Rabel's  water.  However,  the  author's 
Kperience  with  this  medication  in  cases  of  hemorrhagic  variola  has 
tot  been  encouraging. 

,  At  present  we  possess  two  medicines  which  seem  capable  of 
liereasing  the  coagulability  of  the  blood:  one  of  them  is  calcium 
jhloride.  The  author  has  frequently  employed  this  salt  in  the  treat- 
Dent  of  hemorrhagic  infections  and  notably  in  hemorrhagic  variola. 
^  two  or  three  days  hematurias  are  arrested,  as  well  as  enterorrha- 
JK  and  metrorrhagias.  In  spitfi  of  these  ameliorations,  however, 
(any  patients  die.  As  a  few  patients  suffering  from  pustular  variola 
Sth  hemorrhages  recovered,  and  as  the  medication  is  inoffensive,  the 
nthor  thinks  that  it  is  advisable  to  resort  to  it  in  all  such  cases. 
i  seems  to  be  applicable  even  to  all  diseases  in  which  hemorrhages 
ic  due  to  defective  coagulabihty  of  the  blood.  Chloride  of  calcium 
ttis  seems  destined  to  occupy  a  permanent  place  in  general  hemo- 
latic  medicines.  It  is  therefore  necessary  to  first  determine  its 
OBoiogy.  This  salt  is  not  very  toxic;  injected  into  the  veins  of  a 
ibbit  it  proves  fatal  when  100  c.cm.  of  a  1  per  cent,  solution,  that 
^  1  gram  of  the  medicine  per  kilogram  of  animal  is  introduced. 
his  salt,  however,  is  caustic:  beneath  the  skin  it  produces  necrosis 
ad  slough.  The  hiTioderniic  method  cannot,  therefore,  be  utilized. 
I  must  he  introduced  by  the  digestive  tract.  Either  the  anhydrous 
f  the  crystallized  chloride  may  be  prescribed  indifferently.  It 
tould  be  remembered,  however,  that  the  former  is  twice  as  strong 
■  the  latter,  which,  as  is  known,  contains  six  molecules  of  water  of 
fyetallization.  Tlie  doses  above  indicated  are  those  of  the  crystal- 
fed  chloride  of  calcium.  These  doses  should  be  reduced  one-half  if 
|te  anhydrous  chloride  is  prescribed.  When  dissolved  in  water  or 
)  a  julep,  this  salt  has  a  very  disagreeable  flavor,  recalling  that  of 
Ba  water,  leaving  in  the  mouth  a  metallic  taste.  It  is,  therefore, 
fell  to  prescribe  it  in  some  excipient  which  will  mask  its  taste. 
JAbuteau  prescribed  5  grams  of  calcium  chloride  in  400  grams  of 
Imple  syrup  and  100  grams  of  peppermint-water.  The  daily  dose 
f  4  grams  (3i)i  which  is  at  times  prescribed,  seemed  to  him  by  far 
ao  strong,  and  he  advised  the  administration  of  from  20  eg.  to  1  gram 
(day  (3  to  15  grains). 

When  hemorrhages  must  be  arrested  these  doses  are  insufficient. 
Siey  may  be  considerably  increased  without  inconvenience.  The 
tor  has  begun  with  giving  4  grams  (3j)-    Later,  when  treating  a 
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non-vaccinated  child.one  year  old, he  administered  from  1  to  Ingrain* 
(15  to  22  grains) :  the  child  recovered.  The  author  then  thou^ttial 
the  doses  might  be  increased  for  atlults,  and  he  cautiously  gave  tt 
much  as  12  grams  Oiij)  in  twenty-four  hours.  This  result  demon 
strates  the  harmlessnesa  of  the  medicine  which,  contrarj-to  theopinit! 
advanced  by  some  authorities,  exercbes  no  pui^ative  action  e\p 
when  given  in  large  doses.  At  any  rate,  the  author  has  come  t 
recognize  that  it  is  useless  to  prescribe  such  considerable  quantitie 
4  grams  (5j)  a  day  suffice.  The  best  method  of  administering  tl 
medicine  is  to  dissolve  it  in  a  potion  containing  syrup  of  bitter  nraogi 
peel  and  including,  like  the  potion  of  Todd  of  the  Codex,  nun  ac 
tincture  of  cinnamon. 
The  following  may  be  prescribed : 

CryiiUilliiBtl  Oklcium  chtoriUe  4  Ui  fl  gnunn  (aj-jw) 

.Sytupof  Mlierorftnge-peol  .       .       .      .      ,       .  40  "       (Jj) 

Old  brandy  or  rum      .........   30  "       (Sj) 


DUlUted  wsbT 50  "       (5y) 

Tliis  potion  is  by  no  means  disagreeable.  It  may  readily  be  mod 
fied  by  increasing  tlie  quantity  of  nmi  and,  if  the  taste  is  unpleasan 
by  omitting  the  tincture  of  cinnamon.  A  potion  without  alcoH 
must  be  prescribed  when  a  renal  lesion  is  suspected.  The  sjTupi 
bitter  orange-peel  suffices  to  mask  the  taste,  but  not  as  complete 
as  in  the  formula  above  given.  Chloride  of  calcium  has  a  by  i 
means  less  important  emplojTnent  in  the  treatment  of  hemorrha^ 
nephrites.  In  cases  of  primary  or  secondary,  and  notably  of  seail 
tinal  nephrites,  a  potion  containing  from  3  to  4  grams  of  calciu 
chloride  rapidly  diminishes  hematuria.  In  most  cases  the  urii 
contains  no  blood  at  the  end  of  two  or  three  days.  In  several  cas 
the  author  noticed  the  reappearance  of  hematuria  when  the  medicii 
was  discontinued.  As,  however,  it  is  admitted  that  the  salts  i 
calcium  diminish  the  coagulability  of  the  blood  at  the  end  of  a  ff 
days,  instead  of  increasing  it,  the  author  has  constantly  suspendt 
its  use  after  four  or  five  days.  If  necessary,  it  may  again  be  p 
scribed  after  an  interruption  of  three  or  four  days. 

Since  the  contributions  of  Dastre  and  P.  Carnot,  gelatin  also 
known  to  have  the  property  of  increasing  the  coagulability  of  tli 
blood.  Experiments  upon  animals  have  demonstrated  this.  B 
method  consists  in  injecting  the  substance  into  the  veins.  One  hK 
tates  to  apply  the  method  in  man.    The  subcutaneous  channel  ha 
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fore,  been  empfoyed.  Physiologists  contend,  however,  that 
■  these  conditions  the  coagulability  of  the  blood  is  not  modified 
le  reason  that  the  substance  is  not  absorbed.  The  author  has 
subcutaneous  injection  of  gelatin  in  several  cases  of  hemorrhagic 
la.  In  one  of  the  cases  the  results  were  excellent,  since  the 
toms  improved  and  the  patient  recovered.  The  injected  liquid, 
ver,  became  the  starting  point  of  a  gangrenous  phlegmon  which 
[  the  entire  skin  of  the  abdomen  and  healed  only  after  a  con- 
ible  iJeriod  of  time.  This  suppuration  is  explained  by  the 
«d  condition  of  the  ekin  in  variola.  It  is  interesting  to  note 
the  liquid  which  was  discharged  by  an  incision  contained  a 

amount  of  unaltered  gelatin. 

isfactory  results  may  be  obtainetl  when  the  chemical  modifi- 
is  of  the  blood  in  hemorrhagic  infectious  are  discovered.  Now 
coagulating  ferments  and  fibrinogenous  substances  are  easily 
jed,  it  might  be  possible  to  combat  a  hemorrhagic  tendency  by 
8  of  organic  extracts.  In  this  connection  the  condition  of  the 
should,  perhaps,  receive  more  attention  than  has  hitherto  been 

to  it.  At  the  necropsy  of  individuals  succumbing  to  heraor- 
c  variola  the  author  has  always  detected  far  more  profound 
istensive  hepatic  lesions  than  in  cases  of  confluent  variola.    It 

therefore,  be  questioned  whether  it  would  not  be  useful  to 
gle  against  the  hepatic  insufficiency  by  means  of  opotherapy. 
morrhages  may  be  combated  by  producing  vasoconstriction. 
is  obtained  indirectly  by  revulsion,  cuppings,  sinapisms,  and 
beverages.  Vasoconstriction  may  also  be  effected  by  certain 
anes,  chief  of  which  is  ergot.  The  hemostatic  action  of  ergot, 
1  is  doubted  by  so  many,  seems  to  me  incontestable.  It  is  not, 
s  been  asserted  by  some,  the  muscular  fibres  of  the  uterus  alone 
are  influenced  by  it.  Nevertheless,  ei^ot  seems  to  the  author 
aindicated  m  fevers  characterized  by  a  gangrenous  tendency 
lich  the  nutrition  of  certain  parts  seems  to  be  endangered.  For 
luld  be  well  kept  in  mind  that  ergot  contains  substances  which 
emselves  are  capable  of  inducing  sphacelus.  Tliis  medicine  is 
jularly  useful  when  the  general  state  is  satisfactory  and  when 
lemorrhage  to  be  combated  is  confined  to  one  viscus.  The 
)r  has  obtained  satisfactory  results  in  the  treatment  of  hemor- 
c  nephritis,  particularly  that  form  following  scarlatina.  Two 
s  of  Bonjean's  ergotin,  or  1  gram  of  Yvon's  solution  of  ergot, 
mg.  of  Tanret's  ergotinin  may  be  prescribed.    The  author  gen- 
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erally  gives  one  gram  of  the  solution  of  ergot  for  three  days  iii  suc- 
cession. This  medicine  has  the  advantage  of  diminishing  hematuria 
and  inducing  abundant  diuresis,  which  assures  organic  depuration. 
Its  action  appears  to  the  author,  however,  to  be  less  certain  and 
constant  ttian  tliat  of  calcium  chloride,  to  which  he  now  gives  prrf- 


Ipecac  is  said  to  favor  coagulation  by  modi^ing  pressure,  viz.,  by 
reducing  it.  This  medicine  is  applied  particularly  in  hemoptysis. 
Ten  centigrams  are  given  every  half  hour,  amounting  to  two  or  three 
grams  for  the  twenty-four  horns.  When  the  seat  of  the  hemorrhage 
is  accessible,  certain  substances  which  promote  hemustasis,  either  by 
inducing  vasoconstriction  or  by  stimulating  coagulation  of  the  blood, 
may  be  deposited  upon  it.  The  former  effect  may  be  secured  by  the 
application  of  very  cold  or  ver\'  hot  fluids.  Cold  injections  of  water 
as  well  as  hot  injections  at  118.4°  or  122°  F.  (48°  or  50°  C.)  are 
daily  employed  against  uterine  hemorrhages.  They  may  likewise 
be  resorted  to  for  combating  nasal  hemorrhages.  Hot  enemas  also 
may  be  ^ven.  Wlien  hemorrhages  occur  on  the  surface,  beat  miiy 
be  apjjUed  in  the  form  of  a  hot-air  current.  This  method  is  vci)' 
efficacious. 

Cold  may  likewise  be  employeil.  When  the  blood  proceeds  from 
a  deep-eeated  organ  it  sufl^ces  to  apply  upon  the  corresponding 
region  an  ice-bag.  Fredericq's  experiments  tend  to  demonstrate 
that  cold  rapidly  induces,  by  reflex  action,  vasoconstriction  of  parts 
subjacent  to  that  which  receive  the  influence.  Thus  an  anemia 
eminently  favorable  to  coagulation  is  produced.  Certain  medicines 
act  as  local  vasoconstrictors,  and  among  the  number  is  antip>m 
Wlien  dusted  upon  a  bleeding  mucous  membrane,  antipyrin  often 
arrests  the  flow  of  the  blood,  and  thus  renders  great  ser\*ice  in  eoni- 
bating  nasal  or  uterine  hemorrhages. 

Caustics  form  a  transition  between  the  two  groups  of  hemostatic 
medicines,  since  they  produce  vascular  constriction  and,  coincidently, 
favor  coagulation  by  precipitating  albumins.  Hemorrhage  may  !« 
arrested  by  touching  the  diseased  part  with  silver  nitrate  or  by 
plachig  upon  it  a  compress  saturated  with  zinc  chloride  solution. 
The  substance  most  frequently  employed  for  this  piirpose  is  pet- 
chloride  of  iron;  but  it  ia  gradually  falling  into  disfavor,  because 
solutions  of  it  induce  necrosis,  and  mortification,  and  small  sloughs, 
which  may  hinder  evolution  of  the  disease.  Among  the  astrinpnis 
employed  as  hemostatics  we  may  also  cite  alum,  which  represents 
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the  most  active  principle  of  Pagliari's  hemostatic  solution  (alum  10, 
benzoin  50,  water  100). 

Ttie  astringents  of  vegetable  or^in  seem  to  be  free  from  the  incon- 
veniences inherent  in  mineral  astringents.  The  most  important  is 
tannin,  which  may  be  used  in  its  pure  state,  or  various  substances 
in  which  it  is  found.  Injections  and  irrigations  with  an  effusion  of 
walnut  leaves  are  often  employed  to  arrest  slight  hemorrhages.  It 
is  necessary  to  remember  that  tannin,  which  is  a  vasoconstrictor  in 
small  doses,  becomes  a  vasodilator  in  large  doses.  It  may  be  em- 
ployed in  vagina!  injections  and  enemas.  The  preparations  of  rhat- 
ania  may  often  be  substituted  for  it,  the  root  containing  43  per  cent, 
of  tannin.  In  cases  of  intestinal  hemorrhages  in  the  course  of  variola 
the  author  has  obtained  excellent  results  by  giving  large  enemas  of 
500  grams  (1  pint)  of  boiled  salt-water  containing  6  grams  (3jss)  of 
extract  of  rhatania  morning  and  evening.  A  new  method,  initiated 
by  Dr.  Carnot,  consists  in  increasing  the  coagulability  of  the  blood 
by  spreading  gelatin  solutions  upon  the  diseased  surfaces.  This  sub- 
stance possesses  the  double  advantage  of  being  hemostatic  and  of 
representing  a  sort  of  ahment  for  the  cells  of  the  organism.  It  has 
the  inconvenience  of  being  a  good  culture  medium  for  microbes. 
Hence,  some  antiseptic  is  often  associated  with  it:  0.5: 1000  solu- 
tion of  corrosive  sublimate,  or  a  few  ilrops  of  formol  are  added  to  the 
gelatin  solutions,  tlius  rendering  them  absolutely  unassailable  by 
bacteria.  To  obtain  efficacious  hemostatic  action,  it  is  necessary  to 
employ  a  10  per  cent,  gelatin  solution  and  sterilize  it  twice  at  212°  F. 
(100°  C.)  for  fifteen  minutes  each  time.  Care  should  be  taken  not 
to  raise  the  temperature  too  high,  otherwise  the  gelatin  will  lose  its 
characteristic  property  and  become  a  hquid.  These  solutions  are 
employed  either  in  local  applications  upon  a  bleeding  wound  or 
mucous  membrane,  or  in  intranasal  or  intravaginal  injections.  The 
author  has  frequently  utilized  vaginal  injections  of  gelatin  water  in 
the  treatment  of  metrorrhagias  whicli  are  so  common  and  often  grave 
in  variola.  Owing  to  the  addition  of  corrosive  sublimate  he  has 
never  observed  the  slightest  infectious  accident.  It  may,  therefore, 
be  concluded  that  gelatin  is  an  excellent  local  hemostatic.  \Vhile 
the  author  has  expressed  some  re8er^■ation  concerning  its  action  upon 
multiple  hemorrhages  and  regarding  the  inconvenience,  at  least  in 
certain  cases,  of  its  subcutaneous  introduction,  there  can  be  no  doubt 
as  to  its  efficacy  in  local  treatment. 

There  is  another  substance  which  arrests  hemorrhages  admirably, 
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that  is,  peroxide  of  hydrogen.  A  compress  saturated  ^h  the 
commercial  solution  is  applied  to  the  bleeding  part.  The  add  con- 
tained in  the  liquid  favors  hemostasis,  but  renders  the  treatment 
somewhat  painful. 

By  means  of  the  various  procedures  above  indicated,  it  is  poeable 
to  successfully  combat  diverse  hemorrhages.  It  is  well  to  remark, 
however,  that  this  is  simply  struggling  against  a  symptom,  agdnst 
the  result  of  an  infectious  disease  upon  the  gravity  of  which  prog- 
nosis entirely  depends.  It  is  certain  that  in  hemorrhagic  variola 
the  gravity  is  not  due  to  the  hemorrhages.  Tliey  simply  express 
the  profound  intoxication  to  which  the  organism  succumbs.  On 
the  other  hand,  when  a  hemorrhage  results  from  a  focal  lesion,  the 
latter  being  too  intense  or  too  profound,  hemostatics  are  then 
directed  against  the  very  cause  of  the  accidents.  All  those  that 
we  have  mentioned  are  useful,  but  it  is  evident  that  the  ideal  treat- 
ment is  surgical.  The  bleeding  vessels  should  be  ligatured.  Surgical 
applications,  however,  are  seldom  available  in  the  hemorrhages  of 
infectious  diseases.  The  attempts  that  have  been  made  in  typhoid 
fever  are  far  less  ratioiud  and  efficacious  than  the  operations  directed 
against  perforations.  The  fact  is  that  a  large  ulcerated  vessel  is 
seldom  found.  In  most  cases  the  hemorrhages  are  multiple  or 
capillar}',  and  operation  is  evidently  out  of  the  question.  Surgical 
inter\'ention  is  serviceable  only  in  chronic  infections.  In  cases  of 
renal  tuberculosis,  nephrectomy  has  often  been  the  only  remedy 
for  the  persistent  hemorrhages. 

Therapeutics  of  Fever. 

Fever  constitutes  such  an  essential  feature  of  acute  infectious 
diseases,  and,  by  its  course,  generally  expresses  so  faithfully  their 
evolution  that  physicians,  mistaking  the  effect  for  the  cause,  have 
at  all  times  striven  to  check  the  febrile  movement.  Modem  advances 
in  pathological  physiology  enable  us  to  better  comprehend  the 
succession  of  events.  Hence,  the  question  whether  fever  should  be 
combated  was  laid  before  the  last  International  Medical  Congress. 

In  order  to  give  a  solution  to  this  important  problem  of  thera- 
peutics, we  must  carefully  distinguish  the  febrile  process,  viz.,  the 
increase  in  the  intraorganic  chemical  acts,  from  its  most  appareut 
result,  that  is,  h j'perthermia .  To  oppose  the  chemical  metabolism 
going  on  within  an  infected  organism  would  be  checking  a  salutan 
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reaction— salutary  at  least  in  most  cases,  for,  as  we  have  repeatedly 
stated,  the  orgamsm  does  not  always  exactly  proportion  its  efforts 
to  it«  needs.  It  is  at  times  necessary  to  moderate  the  intensity  of 
chemical  changes.  For  this  ]iurpose  antipjTetics  render  most  valuable 
service.  Tliis  is  what  occurs  especially  at  the  end  of  infections  and 
during  convalescence.  It  seeiiis  that  the  nervous  system,  excited 
by  the  disease  which  had  just  terminated,  has  become  too  sensitive; 
the  Blightest  cause  gives  rise  to  a  febrile  reaction  which  must  be 
oombated,  notably  by  antipyrin. 

In  tlie  course  of  acute  infections  antipyretics  are  generally  pre- 
scribed only  when  they  can  act  uiwn  the  cause  of  the  fever.  Specifics 
respond  to  this  indication.  The  type  of  this  class  is  represented  by 
quinine  salts.  It  is  to-day  admitted  that  these  salts  are  extremely 
toxic  for  the  protozoa.  They  arrest  the  evolution  of  Laveran's 
parasites,  and  consequently  the  reaction  which  characterizes  the 
paroxysm.  It  would  be  an  error  to  say  that  quinine  is  an  anti- 
pyretic. It  prevents  the  retmTi  of  the  fever  because  it  arrests  the 
infectious  process  which  causes  it.  Hence,  it  produces  no  action 
against  the  majority  of  other  hyperthermias.  Enormous  doses  of 
quinine  have  been  given  to  typhoid  and  tubercular  patients  without 
lowering  their  temperature  so  much  as  one-tenth  of  a  degree. 

Salicylate  of  soda  seems  to  act  in  the  same  manner.  It  extin- 
guishes rheumatic  fever  because  it  checks  the  infectious  process. 
It  is  the  same  with  mercurj-  and  iodide,  which  combat  syphilitic 
fever.  To  speak  of  antipjTetics  in  all  such  cases  would  be  no  more 
exact  than  to  speak  of  an  antipyretic  operation  when  a  pyogenic 
fever  Ls  arrested  by  opening  a  suppurating  focus.  The  fever  is 
fluppressetl  because  the  cause  of  the  accidents  has  been  removed. 

Although  in  the  majority  of  cases  it  would  be  a  mistake  to 
combat  the  febrile  process,  it  should  not  be  concluded  that  it  is 
contraindicated  to  combat  its  principal  result — hyperthermia,  I 
have  endeavored  to  make  it  clear  that  elevation  of  temperature  is 
the  result  and  sign  of  increased  activity  in  the  chemical  acts,  A 
larger  amount  of  heat  is  produced,  but  the  excess  is  at  the  same 
time  dissipated,  as  is  proved  by  the  increased  radiation  of  heat. 
It  is,  therefore,  indicated  to  combat  hyperthermia  by  increasing 
radiation.    The  be.'^t  iricthod  is  by  cold  bathing. 

Cold  and  Lukewarm  Baths.  From  the  earhest  antiquity  baths 
have  been  given  in  certain  infections.  A  lukewarm  bath  was  com- 
monly employed,  notably  m  pneumonia.    It  was  also  a  lukewarm 
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bath  that  was  first  employed  against  typhoid  fever  by  Curric  in 
the  eighteenth  century,  ajid  at  the  beginning  of  the  mneleemli 
by  Chomel,  R^amier,  and  Rayer.  Cold  water  had,  however. 
ahready  been  praised  by  Bartholin,  more  than  two  hundred  years 
ago,  against  pneumonia.  The  method,  however,  does  not  seem  In 
have  had  great  success,  for  about  fifty  years  ago  ph>'sicianG  timidly 
utilized  cold  lotions,  and  sprinkling,  and  the  wet  sheet.  Few  of 
them  ventured  to  bathe  their  fever  patienta.  A  few  attempts  were 
made  in  favor  of  cold  baths  by  Giannini  (1805),  Chomel,  Recamier, 
Jacquez  and  Leroy.  It  was.  however,  only  after  the  labors  of  von 
Ziemssen  and  Brand  (1861)  that  antipyretic  balneotherapy  enteiwl 
into  therapeutics  in  a  definite  manner. 

\'on  Ziemssen  prescribed  baths  that  rendered  the  body  gradually 
colder.  Bouchard  adopted  a  similar  method.  In  order  to  avoiil 
the  influence  exerted  upon  the  nervous  system  and  the  vasocon- 
strictors by  cold  water,  he  caused  the  patient  to  be  placed  in  a  bath 
the  temperature  of  which  is  only  two  degrees  Centigrade  lower  than 
that  of  the  body.  Then  he  progressively  lowers  the  temperaturp 
of  the  bath  to  86*  F.  (30"  C),  never  below  that  point. 

By  the  method  which  bears  his  name,  Brand  produces  a  \ioleDt 
excitation  of  the  nervous  system.  Let  us  consider  the  rules  laid 
down  by  him  for  the  treatment  of  t>7)hoid  fever.  They  are  appli- 
cable, with  slight  modifications,  to  all  infectious  diseases. 

As  soon  as  the  temperature  of  the  patient  exceeds  102.2°  F. 
(39°  C),  he  is  plunged  hito  a  bath  at  68°  F.  (20°  C);  at  tjmft', 
if  the  case  is  grave  and  the  fever  intense,  into  a  bath  at  64.4°  F. 
(18°  C).  Certain  precautions  are  to  be  taken  at  the  same  time. 
Borated  vaseline  is  applied  to  abrasions  and  pustules.  In  order  lo 
avoid  too  \'iolent  respiratorj'  disturbance,  cold  effusions  are  applied 
to  the  face  and  chest,  and  the  patient  is  then  taken  in  the  arme  of 
the  nurse  and  placed  in  the  bath-tub.  The  tub  should  contain 
sufficient  water  to  cover  the  shoulders,  and  it  is  ad\'isable  to  renew 
the  water  for  each  bathing.  'When  the  patient  is  in  the  bath-tii!i 
he  receives  three  cold  effusions  at  50°  F.  (10°  C),  at  the  nape  (if 
the  neck.  These  effusions  should  last  three  minutes  each.  Frictions 
upon  the  body,  except  the  abdomen,  are  at  the  same  time  to  be 
made.  Finally,  a  small  amount  of  ■\Tnous  lemonade  is  to  be  given 
to  the  patient.  TTie  bath  lasts  fifteen  minutes.  If  he  should  expffi- 
ence  chills  the  patient  may  still  be  left  in  the  water,  but  not  for 
more  than  two  or  three  minutes  longer.     When  once  out  of  the 
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water  he  must  be  rapidly  wiped  and  then  enveloped  in  blankets 
and  warmed  by  means  of  hot  water  bags  applied  to  the  legs  and 
feet.    Half  an  hour  later  he  must  be  given  miUs  and  bouillon. 

If  the  patient  does  not  sleep,  or  if  his  sleep  is  agitated,  Brand 
advises,  during  the  intervals  of  the  baths,  apphcation  of  compresses 
of  water  at  50°  F.  (10°  C.)  to  the  chest  and  abdomen,  to  be  renewed 
every  five,  ten,  or  fifteen  minutes,  according  to  the  intensity  of  the 
fever.  Tripier  and  Bouveret  prefer  large  cold  poultices  upon  the 
abdomen.  The  bathing,  to  be  efficacious,  must  be  instituted  as  soon 
as  the  diagnosis  of  typhoid  fever  is  made.  If  there  is  any  doubt 
as  to  the  nature  of  the  disease,  bathing  may  still  be  resorted  to, 
provided  it  is  discontinued  if  further  developments  prove  the  case 
not  to  be  typhoid.  Wlien  the  physician  is  called  to  the  side  of  a 
patient  who  has  been  suffering  from  typhoid  fever  for  three  weeks, 
the  cold  bath  is  useless,  and  Brand  himself  then  jirefers  lukewarm 
baths. 

Tlie  baths  must  be  started  as  soon  as  the  temperature  of  the 
patient  reaches  102.2°  F.  (39°  C),  and  the  temperature  must  con- 
stantiy  guide  the  physician.  The  temperature  must  be  taken  every 
three  hours.  When  it  rises  above  102.2°  F.  (39°  C.)  a  bath  is  given. 
When,  at  the  end  of  three  hours,  the  temperature  has  not  risen  to 
that  point,  the  corresponding  bath  m  omitted.  The  case  is  to  be 
managed  in  this  manner  until  the  fever  falls  below  102.2°  F.  (39°  C.) 
definitively.  At  the  beginning  the  temperature  rises  quite  rapidly. 
The  patient,  therefore,  takes  the  baths  regularly  every  tliree  hoiu«. 
As  they  are  not  interrupted  during  the  night,  he  consequently  takes 
eight  baths  a  day.  Later  he  skips  several.  In  certain  cases  fever 
IB  very  intense  and  does  not  yield  to  balneotherapy.  Brand  then 
ad^es,  in  addition,  the  permanent  employment  of  cold  compresses. 
Tripier  and  Bouveret  resort  to  the  wet  sheet.  Chauffard  gives  the 
baths  at  shorter  intervals ;  Juhel-Renoy  gives  one  every  two  hours 
at  59°  to  60,8°  F.  (15°  to  16°  C). 

In  typhoid  fever  cold  bathing  has  a  certain  number  of  contra- 
indications. In  the  first  place,  age  is  to  be  taken  into  account. 
In  children  above  two  years  of  age  it  is  well  to  begin  with  baths 
at  77°  F.  (25°  C.) ;  below  that  age,  lukewarm  baths  at  86°  or  89.6°  F. 
(30°  or  32°  C.)  must  be  given  three  or  four  times  in  twenty-four 
hours,  each  lasting  from  five  to  eight  mmutes.  Brand  does  not 
advise  cold  bathing  if  the  patient  is  more  than  fifty  years  old. 
According  to  my  personal  observations.  I  believe  that  this  limit 
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should  be  lowered.  It  may  broadly  be  stated  that,  in  all  infectioiffi, 
cold  baths  are  dangerous  above  forty  years  of  age.  They  may, 
nevertheless,  be  employed  at  this  age  if  the  circulatory  aad  the 
respiratory  apparatus  of  the  individual  are  in  a  perfect  state.  As 
a  matter  of  f act,  before  instituting  balneotherapy,  the  physician  m\ist 
carefully  examine  these  two  apparatuses.  Valvular  lesions  of  tiie 
hearty  chronic  myocarditis  and  pericarditis,  arteriosclerosis,  as  well 
as  chronic  bronchitis,  dilatation  of  the  bronchi,  tuberculosisy  and, 
above  all,  pulmonary  emphysema,  are  contraindications  to  the 
balneotherapic  method,  even  to  the  method  of  graduated  cold  baths. 
Next,  the  nervous  system  must  be  taken  into  account.  In  hysterical 
individuals  the  bath  may  provoke  an  attack.  In  that  case  it  must 
be  discarded.  In  certam  neuropathic  persons  it  causes  fainting  or 
paroxysms  of  suffocation  with  a  certain  d^ree  of  asphyxia  and 
cyanosis.  In  such  cases  a  cold  bath  is  likewise  contraindicated. 
Moreover,  some  patients  have  such  repugnance  to  bathing  that 
after  they  have  been  given  one  their  temperature  is  not  towered, 
but,  at  times,  even  a  rise  occurs.  By  insisting  a  littie,  the  physician 
sometimes  may  render  the  bathing  method  acceptable  to  such 
individuals;  otherwise,  it  is  better  to  abandon  the  balneotherapic 
procedure. 

These  considerations  are  applicable  to  all  infections.  Here  are 
some  concerning  particularly  typhoid  fever :  Intestinal  hemorrhages 
and  peritoneal  manifestations  demand  absolute  rest,  and  baths  should 
therefore  be  suspended.  Pneumonia  is  not  a  contraindication,  except 
when  the  heart  shows  signs  of  weakness.  We  here  touch  a  much 
disputed  problem.  WTiat  course  is  to  be  followed  in  cases  of  myo- 
carditis? The  perusal  of  classical  works  leaves  the  physician  in  an 
embarrassed  state  of  mind,  for  equally  competent  authorities  have 
advanced  contrary  views.  I  believe  that,  at  the  b^inning,  when 
myocarditis  is  expressed  simply  by  acceleration  in  the  heart-beats 
and  weakening  of  the  pulse,  bathing  should  still  be  employed, 
provided  the  heart  is  sustained  by  medicines  such  as  caffein.  Should 
the  slightest  fainting  occur  during  the  bathing  the  method  must 
be  suspended  definitively.  If  the  myocardium  seems  to  be  affected, 
lukewarm  bathing  may  be  tried;  if  it  is  well  borne,  the  succeeding 
baths  may  be  given  gradually  colder.  At  a  more  advanced  period, 
when  auscultation  reveals  a  bruit  de  galop,  and  especially  the  fetal 
rhythm,  then  balneotherapy  seems  to  be  a  dangerous  method,  for 
the  reason  that  the  movements  of  the  patient  may  provoke  syncope 
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and  sudden  death.  The  writer  believes  that,  under  such  conditions, 
all  kinds  of  baths  should  be  avoided. 

Cold  baths  do  not  abridge  the  duration  of  typhoid  fever,  but  they 
paliiat£  certain  symptoms  and  diminish  the  tieath-rate.  There  is 
little,  if  any,  stupor;  the  tongue  is  moist,  diarrhea  is  moderate, 
diuresis  is  more  abundant,  the  appetite  is  not  completely  lost,  so 
that  the  patient  takes  nom-ishment  with  pleasure.  Delirium  is  rare, 
and,  instead  of  somnolence  and  the  muttering  observed  in  ordinary 
cases,  the  patient  enjoys  a  quiet  and  refreshing  sleep  after  a  bath. 

The  course  of  the  temperature  is  profoundly  modified.  Brand 
divides  it  inin  three  periods:  the  period  of  resistance,  during  which 
the  temperature  is  but  slightly  modified;  then  the  period  of  re- 
niission.  anrl,  finally,  that  of  defervescence.  The  longer  the  first 
period  lasts,  the  longer  and  more  rebellious  will  be  the  case.  If  the 
temperature  jielda  to  the  first  baths,  the  fever  to  be  dealt  with  will 
prove  to  be  a  mild  one.  The  cold  bath  also  acts  upon  the  circulation 
and  respiration;  it  stimulates  the  action  of  the  heart  and  strengthens 
the  pulse;  it  diminishes  bronchitis  and  relieves  pulmonary  con- 
gestion. 

As  already  stated,  the  death-rate  is  considerably  reduced  by  this 
treatment.  It  is  not  necessary  to  cite  numerous  statistics;  it  will 
suffice  to  state  that  out  of  19,017  observations  tabulated  by  Brand 
the  mortality  did  not  exceed  7.8  per  cent.  In  the  Bavarian  army, 
in  which  the  method  is  practised  in  all  its  rigor  and  is  instituted  as 
BOon  as  the  disease  is  suspected,  the  death-rate  reaches  hardly 
1  per  cent.  Although  cold  baths  are  at  present  frequently  employed 
according  to  the  rules  of  Brand,  they  have  often  been  modified. 
Thus,  the  employment  of  baths  at  82.4°  F.  (28°  C.)  has  gradually 
become  the  current  practise  in  the  hospitals  of  Paris.  The  baths 
are  given  every  three  hours,  when  the  temperature  exceeds  102.2 
or  103.1°  F.  (39°  or  39.5"  C).  When  baths  at  82.4°  F.  (28°  C.) 
are  given,  it  is  useless  to  employ  previous  cold  effusions  or  friction 
during  the  bath.  This  method  is  more  readily  accepted  by  the 
patients,  it  requires  less  caution,  and  gives  satisfactory  results.  I 
have  recourse  to  it  in  benign  cases,  and  I  employ  no  other  in  the 
case  of  children. 

Cold  baths  do  not  act  merely  by  abstracting  heat.  On  the  con- 
trary, their  action  is  far  more  complex.  This  question  has  been 
well  studied  by  Liebermeister,    We  borrow  from  him  the  following 
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figures,  which  show  the  difference  of  action  of  a  bath  at  7l,fi°  f 
(22°  C.)  from  tliat  at  82.4°  F.  (28°  C.) : 


■act  heat,  the  bath  at  82.4'  F. 


In  a  Bath  at  In  a  Balli  at 

l-6°  F.  {22'  C.)  S-IA"  F  (W  C  J 
122  caloHee.  33  c>il<>h>i. 
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bl  IS 

In  20    ' 

In  30    

If  the  principal  object  was  to  abstrs 
(28°  C.)  should  be  rejected  without  hesitation;  but  at  present  ihe 
influence  of  hyperthermia  is  no  longer  so  much  dreaded.  It  is  known 
that  the  disturbances  and  lesions  formerly  attributed  to  high  temper- 
ature are  in  most  cases  due  to  toxins.  Cold  baths  produce  satis- 
factorj'  results,  not  merely  by  lowering  the  temperature,  but  exercis- 
ing a  favorable  influence  upon  the  various  apparatus  of  the  entire 
organism.  First  of  all,  the  nerve  terminations  of  tlie  skin  are  influ- 
enced by  the  bath,  and  their  dynamic  modification  readies  the 
centres.  The  very  cold  batli  thus  gives  rise  to  a  violent  excitatiftn: 
the  lukewarm  bath  has  a  sedative  action .  In  both  cases  the  functiou 
of  the  nervous  system  is  regulated,  and  amelioration  in  the  acti^iy 
of  all  the  tributary  organs  results.  The  heart  largely  partiripales 
in  the  benefit  of  this  happy  influence.  In  the  case  of  cold  batlis, 
the  cutaneous  vasoconstriction  raises  tlie  bliwd  pressure,  and  thus 
modifies  the  activity  of  the  myocardium.  Circulation  is,  therefore, 
favored  in  the  lungs  and  kidneys.  Hence,  diminution  in  pulmonMT 
congestion  and  increase  in  diuresis,  as  well  as  greater  activity  io 
general  oxidation,  result.  All  these  changes  explain  how  the  bath 
diminishes  the  intoxication  of  the  organism.  It  accomplishes  this 
by  regulating  nutrition,  by  favoring  the  action  of  the  liver  and  tlie 
emunctories,  notably  the  kidneys.  The  experiments  of  Drs.  Roques 
and  Weil  demonstrated  that  the  urinary  secretion  is  not  only 
increased  in  amount  hut  also  in  toxicity.  Thus  a  great  quantity 
of  toxins  Ls  carried  away  and  the  organism  purified. 

Brand's  method,  which  was  at  first  applied  to  typhoid  fever,  is 
now  employed  in  a  great  number  of  infections.  The  baths  maybe 
given  whenever  the  temperature  is  very  high,  not  so  much  bcfause 
of  the  hyperthermia  as  for  the  intensity  of  the  morbid  phenomena 
which  produce  and  entertain  it.  The  baths  must  likewise  be  resorted 
to  when  the  nervous  system  is  profoundly  affected,  when  the  pui« 
is  very  rapid  and  the  urine  scanty.     The  physician  m\ist  alwaj'S 
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bf  guided  by  the  gravity  of  the  phenomeiia  in  chooeing  between 
liikewarm,  82.4°  F.  {28°  C),  and  cold  baths,  69°  or  64.4"  F.  (20°  or 
18°  C).  The  latter  are  especially  indicated  when  the  nervous 
sj^tem  is  profoundly  affected,  whether  the  phenomena  indicate 
depression,  or,  on  the  contrary,  too  violent  excitations,  sucli  as 
cJelirium  tremens,  are  present.  Finally,  the  satisfactory  results  ob- 
tained by  cold  baths  in  the  treatment  of  cerebral  rheumatism  have 
long  been  recognized. 

In  our  hospital  we  employ  the  bath  at  82.4°  F.  (28°  C),  less  fre- 
quently at  a  lower  temperature,  ui  cases  of  scarlatina  and  erysipelas 
whenever  the  temperature  remains  longer  than  usual  around  or 
above  104°  F.  (40°  C).  This  treatment  is  less  frequently  available 
in  measles,  for  the  gravity  of  the  latter  disease  depends  simply  upon 
pulmonary  complications.    We  shall  again  refer  to  this  subject. 

Bahieotherapy  is  also  indicated  in  measles,  scarlatina,  and  variola 
when  the  eruption  is  not  well  developed.  The  author  prefers  warm 
baths  at  89.6°  or  93.2°  F.  (32°  or  34°  C),  and  in  grave  variola 
or  measles,  mustard  baths.  At  the  beginning  of  all  eruptive  fevers 
we  frequently  see  serious  general  manifestations  while  the  eruption 
is  as  yet  hardly  noticeable.  The  eruption  does  not  come  out  as 
rapidly  and  with  the  same  intensity  as  in  fortunate  cases.  A  few- 
baths  hasten  the  appearance  of  the  exanthema  and  palliate  the  grave 
symptoms.  In  variola  also,  as  we  have  already  stated,  excellent 
results  are  obtained  by  the  same  method.  The  author  gives  luke- 
warm baths  to  which  some  corrosive  sublimate  or  naphthol  is  added. 
Notwithstanding  its  lesions,  the  skin  bears  this  mode  of  treatment 
well.  It  exercises  a  marked  action  upon  the  pyogenic  bacteria  which, 
at  a  certain  period  of  evolution,  invade  the  pustules. 

Among  the  infections  for  which  baths  are  available  there  are  tliree 
which  require  special  attention.  These  are  scarlatina,  pneumonia, 
and  erysipelas.  Hyperpyretic  scarlatina  is  generally  described  as  the 
type  of  malignant  scarlatina.  If  we  refer  to  our  statistics  we  find 
that  the  frequency  of  this  form,  at  least  in  the  adult,  has  been  some- 
what exaggerated.  We  have  received  in  our  wards,  especially  in  1899. 
grave  cases,  several  of  which  rapidly  ended  in  death.  In  the  majority 
of  the  cases,  however,  the  temperature  was  not  extremely  high.  It 
is  not,  therefore,  safe  to  be  guided  exclusively  by  the  course  of  tJie 
temperature.  The  general  state  of  the  patient  furnishes  more  reli- 
able indications.  The  general  state  likewise  directs  the  therapeutics 
of  pneumonia.    All  grave  eases  must.  not.  however,  be  indiscrimin- 
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ately  treated  by  baths.  This  medication  must  not  be  resorted  to  in 
the  aged  or  in  arteriosclerotic  individuals,  or  those  suflfering  from 
heart  lesions  and  Bright's  disease.  These  are  substantially  the  same 
contraindications  which  we  have  pointed  out  with  regard  to  other 
diseases.  The  reason  we  emphasize  the  point  is  that  it  is  precisely 
under  these  conditions  that  the  gravest  cases  are  observed  and  that 
the  physician  is  tempted  to  prescribe  baths.  WTiat  is  more  peculiar 
to  pneumonia  is  the  danger  of  giving  rise  to  collapse  in  ease  both 
lungs  are  involved.  In  fortunate  cases,  under  the  influence  of  the 
bath,  respiration  becomes  easier,  expectoration  more  profuse  and 
free,  cyanosis  disappears,  and  diuresis  is  more  marked ;  at  times  a 
veritable  polyuria  is  produced.  Hence  the  termination  of  the  disease 
differs  from  that  observed  when  the  evolution  is  left  to  itself.  The 
crisis  is  replaced  by  a  slow  defervescence,  which  is  probably  due  to 
the  fact  that  the  toxins,  far  from  being  accumulated  during  the 
disease,  to  be  suddenly  rejected  at  the  moment  of  the  termination. 
have  been  eliminated  in  a  continuous  manner. 

Baths  are  currently  employed  in  the  treatment  of  bronchopneu- 
monia. In  this  case  cold  baths  have  been  almost  entirely  abandoned, 
for  they  readily  give  rise  to  collapse,  especially  in  young  children. 
Graduated  cold  baths  may  be  used.  They  may  be  given  at  two 
degrees  lower  than  the  temperature  of  the  patient  and  pro^essively 
lowered  to  82.4°  F.  (28°  C).  Their  duration  must  not  exceed  five 
minutes.  More  frequently  lukewarm  mustard  baths  are  prescrihed, 
especially  for  children.  Finally,  since  the  contributions  of  Dr. 
Kenaut.  warm  baths  at  100.4°  F.  (38°  C.)  are  often  employed.  The 
child  remains  in  it  from  ten  to  twenty  seconds,  and  during  all  thL< 
time,  cold  compresses  are  applied  to  the  head.  The  baths  rapidly 
palliate  the  bronchial  manifestations,  but  they  produce  hardly  any 
ofTect  upon  the  pulmonary  lesions.  Their  action  upon  the  general 
state  is  excellent,  but  the  hot  bath  is  somewhat  depressing.  It  must 
he  avoided  in  adynamic  cases  or  when  cardiac  disturbances  ari^ 
])resent. 

The  author  fretiuently  employs  lukewarm  baths  in  the  treatment 
of  erysipelas.  In  cases  of  circumscribed  erysipelas  of  the  face  unat- 
ten(l(Hl  by  ^rave  general  phenomena  the  bath  is  useless.  In  spitf 
of  the  tonijxTature  of  104°  F.  (40°  C.)  defervescence  is  rapidly  j^ro- 
(luced.  If,  however,  fever  persists,  if  certahi  alarming  manifesta- 
tions, such  as  adynamia,  delirium,  and  agitation  are  observed,  (^r  if 
the  inflammatory  lesion  spreads,  a  bath  at  82.4°  F.  (28°  C.)  shouM 
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then  be  given  every  three  hours  whenever  the  temperature  exceeds 
103°  F.  {39.5"  C). 

In  cases  of  wandering  erysipelas,  baths  at  82.5°  F.  (28°  C.)  are 
likewise  indicated.  Tiiey  should  be  given  systematically  every  three 
bouts,  regardless  of  fluctuations  in  the  temperature,  for  in  these 
wandering  forms  very  wide  oscillations  are  observed,  and  even  inter- 
tnitteat  types  are  sometimes  encountered.  Baths  are  similarly  suc- 
cessful in  delirium.  The  author  generally  employs  lukewarm  baths. 
Morning  and  evening  he  prescribes  a  bath  at  93.2°  F.  (34°  C),  which 
lasts  from  thirty  to  forty-five  minutes.  Its  sedative  effect  upon  the 
nervous  system  ia  very  remarkable.  Warm  baths  succeed  very  well 
in  erysipelas  of  children  and  of  the  newborn.  In  the  latter,  regard- 
less of  the  seat  of  the  lesion,  three  daily  baths  at  89.5°  or  93.2°  F. 
(32°  or  34°  C),  lasting  six  or  eight  minutes,  constitute  the  best 
method. 

It  is  well  to  once  more  recall  the  danger  of  baths  for  individuals 
lUx>ve  forty  years  of  age.  As  erysipelas  is  a  disease  occurring  mainly 
after  this  age,  the  author  believes  the  following  precept  should  be 
emphasized:  lukewarm  baths  may  be  given  between  the  ages  of 
(orty  and  fifty  years ;  after  fifty  years  they  should  not  be  prescribed 
except  for  robust  individuals  presenting  no  lesions  of  the  circulatory 
or  respiratory  apparatus. 

Chemical  Antithennics.  Chemical  antithermics  act  in  three  ways: 
they  exercise  a  sedative  action  upon  the  nervous  system ;  they  dimin- 
ish the  protoplasmic  activity  of  the  cells;  they  modify  the  function 
of  the  red  blood  corpuscles.  Of  these  three  actions  the  first  is  contest- 
able; it  results  simply  from  the  fact  that  antithermics  are,  as  a  rule, 
analgesics.  The  second  is  bad,  for  increased  functional  activity  of 
the  cells  represents  a  necessary  reaction  which  should  be  moderated 
only  under  certain  circumstances.  The  third  is  worse,  for  it  consists 
in  the  formation  of  methemoglobin,  which  causes  cyanosis.  This  last 
influence  is  particularly  manifest  when  kairin,  thallin.  or  acetanilid 
(antifebrin)  are  employed.  Tliese  products  are,  therefore,  almost 
-completely  abandoned,  and  only  three  antipyretics  are  at  present 
mafle  use  of:  quinine,  antipyrin,  and  salicylic  acid  and  its  derivatives. 

The  successes  obtained  by  quinine  in  the  treatment  of  malarial 
fevers,  in  which  it  acts  as  a  specific,  have  too  easily  led  to  the  belief 
that  this  substance  is  a  universal  febrifuge.  In  typhoid  fever  as  well 
as  in  erysipelas,  pneumonia,  and  variola,  the  author  has  repeatedly 
observed  that  large  doses  of  quinine  salts  may  be  administered  with- 
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out  producing  any  noticea-ble  change  in  the  temperature.  One  pam 
and  a  half  or  two  grains  are  required  in  typhoid  fever  in  orcier  to  efiwt 
a  reduction  of  temperatiu-e.  In  view  of  these  failures,  some  author 
have  stated  that  (juinine  regulates  rather  than  lowers  the  tempera- 
ture. Its  administration  must,  therefore,  be  reser\'ed  for  those  ease 
of  fever  which  present  wide  oscillations — i.  e.,  fevers  of  an  intenmi- 
tent  type,  like  malarial  fever.  This  remark  is  correct  for  some  caseg, 
Thus,  for  instance,  in  typhoid  fever,  after  having  remained  al  s 
certain  point  during  the  stationary  period,  the  teniperature  often 
presents  wide  oscillations  at  the  moment  of  termination.  When 
fever  is  continuous  the  author  has  never  found  quinine  etEcacious. 
At  the  time  of  the  oscillations  the  administration  of  this  alkaloiil 
appeared  in  some  cases  to  bring  the  temperature  to  the  [tomud. 
Hence,  the  author  believes  that  it  is  useless  to  prescribe  quimns 
during  the  stationary  period.  This  medicine  should  be  reserved  for 
the  third  perio<l.  If  the  temperature  then  presents  an  amphibole 
stage  and  does  not  return  to  the  normal,  quinuie  should  be  preseribei 
in  decreasing  doses  for  three  days  in  succession,  four  or  five  hows 
before  the  expected  return  of  the  paroxysm.  The  author  prescribtB 
1  gram  the  first  day,  75  eg.  the  second,  and  50  eg.  the  third  day. 
It  is  to  be  borne  in  mind,  however,  that  this  method  is  not  infallible 
and  that  quite  often  fever  does  not  peld  to  the  action  of  quinim' 
even  at  this  perioii. 

The  author  has  likewise  been  convinced  of  the  inefficacy  of  quinine 
in  the  treatment  of  hectic  fever  of  tubercular  subjects  and  of  the 
fever  of  eiysipelas,  even  when  its  course  assumes  the  intermittent 
type,  falling  to  98.5°  F.  (37°  C.)  in  the  morning,  to  rise  to  IIM"  F. 
(40°  C.)  in  the  evening.  Lastly,  in  symptomatic  intermittent  fevers 
quinuie  at  times  lowers  the  temperature.  Tlie  result  is  not  very 
marked  or  very  durable,  however,  so  that  this  medicine  may  sene 
to  make  a  lUfferential  diagnosis  between  symptomatic  intemiittcDl 
and  malarial  fevers, 

Antipyrin  has  a  far  more  marked  influence  upon  the  febrile  pro- 
cess. It  often  lowers  the  temperature;  but  it  accomplishes  this  by 
diminishing  oxidations,  consequently,  by  hindering  one  of  the  rea^ 
tionary  procedures  employed  by  the  organism.  Hence,  its  use  is  but 
exceptionally  indicated.  Tlie  author  finds  only  a  few  cases  in  which 
this  medicine  is  serviceable.  The  first  is  influenza.  Anliiiyrin 
must  be  given  mixed  with  quinine.  The  author  prescribes  1  or  2 
grams  of  the  first  with  75  eg.  or  1  gram  of  the  second,    ftliw 
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adminiatered  at  the  beginning  of  influenza  this  medication  often 
succeeds  in  arresting  the  disease.  It  is  almost  a  specific.  Again, 
those  tubercular  patients  who  suffer  from  fever  are  often  benefited 
by  the  use  of  antipyrin,  at  least  in  those  cases  in  which  it  does  not 
cause  too  iriuch  sweating.  Its  action  upon  the  fever  of  tubercular 
subjects  is  so  marked  that  Dr.  Landouzy  thinks,  with  good  reason, 
that  it  may  throw  light  upon  a  doubtful  diagnosis  in  acute  cases. 
When  the  physician  ls  not  sure  whether  he  is  dealing  with  a  tyj>hoid 
fever  or  an  acute  miliary  tuberculosis,  the  administration  of  anti- 
pjTin,  if  it  be  followed  by  a  well-marked  defervescence,  will  lead  him 
to  assume  that  the  case  is  tubercular.  At  any  rate,  antipjTin  acts 
in  all  forms  of  tubercular  fever,  even  against  hectic  fever.  Its  action, 
however,  is  transitory.  The  author  has  seen  tubercular  cases  m  which 
no  treatment  had  succeeded  in  loweruig  the  temperature,  become 
completely  apyretic  under  the  influence  of  this  medicine.  At  the  end 
of  four  or  five  days,  however,  fever  reappeared,  and, although  the  dose 
was  increased  to  3  and  4  grams  in  twenty-four  hours,  the  effect 
seemed  completely  exhausted.  Although  transitory  and  in  nowise 
affecting  the  process  itself,  but  only  one  of  its  effects,  the  action  of 
antipyrin  seems  to  the  autlior  sufficiently  marked  to  give  the  sub- 
Btonce  a  permanent  place  in  the  therapeutics  of  tuberculosis. 

While  antipyrin  is  useless  in  the  stationary  period  of  infections,  it 
renders  true  service  at  the  terminal  period  and  during  convalescence. 
In  many  cases  fever  survives  the  disease.  Tlie  morbid  symptoms 
to  have  disappeared,  but  the  temperature  does  not  become 
This  fact  is  due  to  the  reactionary  susceptibility  of  the 
induced  by  the  infection.  Under  these  conditions  the 
organic  combustions  exceed  the  requirements  of  the  system.  Anti- 
pyrin, by  modifying  oxidations,  reduces  metabolism  to  a  d^ee  cor- 
responding to  the  wants  of  tlie  economy.  Likewise,  during  conval- 
escence the  slightest  cause  suffices  to  raise  the  temperature.  A  febrile 
paroxysm  may  supervene,  even  without  any  noticeable  cause. 
Antipyrin  is  then  indicated,  inasmuch  as  this  fever  of  convalescence  is 
dependent  upon  the  same  mechanism  as  the  lingering  fever  at  the  end 
of  infections,  and  should  be  treated  in  the  same  manner. 

A  new  antipjTctic,  pyramidon,  has  recently  been  praised,  and  may 
be  employed  under  the  same  conditions  as  antipyrin,  but  in  smaller 
doses.  This  substance  has  given  satisfactory  results  in  some  of  the 
author's  cases.  Its  advantage  consists  in  its  very  quick  eliniinatiou. 
Thirty  and  fifty  centigrams  of  pyramidon  may,  therefore,  be  pre- 
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scribed  every  three  hours,  and  as  much  as  two  grams  a  day  T^ithout 
fear  of  any  untoward  cimiulative  effects. 

Salicylic  acid  and  its  derivatives — salol,  salophen,  salipyrin,  and 
aspirin — are  often  classed  with  antipyretics.  Salicylate  of  soda  lowers 
the  temperature  in  cases  of  rheimiatic  polyarthritis,  but  it  is  the 
specific  of  this  infection.  On  the  other  hand,  it  is  without  effect  in 
infectious  pseudorheimiatism.  It  may,  therefore,  serve  the  purposes 
of  differential  diagnosis. 

Salicylate  of  soda  and  salol  owe  certain  antipyretic  virtues  to  their 
antiseptic  properties.  Hence,  these  medicines  may  be  employed  to 
combat  certain  symptomatic  feyers,  notably  those  related  to  suppu- 
rations of  the  biliary  passages  or  the  urinary  apparatus.  In  these 
cases,  however,  the  process  is  not  a  truly  febrifuge  action.  The 
medicine  produces  its  effect  by  acting  upon  the  cause.  Its  adminis- 
tration is,  therefore,  clearly  indicated  and  realizes  an  etiological 
medication. 

Finally,  by  a  mechanism  as  yet  illy  elucidated,  guaiacol  when 
applied  to  the  skin  has  the  interesting  property  of  lowering  the  tem- 
perature. It  acts  so  powerfully  that,  if  precautions  are  not  taken, 
collapse  may  occur.  This  method  is  available  particularly  in  the 
treatment  of  tubercular  fever. 

Conclusion.  From  the  foregoing  brief  study  we  may  conclude 
that  there  are  no  good  antipyretic  medicines.  At  all  events,  the 
dangers  and  hieonvenienees  of  fever  have  been  much  exaggerateii. 
In  many  cases  to  arrest  the  febrile  process  would  be  to  harm  the 
patient. 

The  true  antipyretic  is  that  which  suppresses  fever,  not  by  dis- 
turbing the  reactionary  movement  of  the  organism,  but  by  acting 
upon  the  cause  of  the  febrile  process.  This  is  precisely  what  is  real- 
ized by  specifics — quinine  in  malaria,  mercury  and  iodides  in  syph- 
ilitic fever,  sodium  salicylate  in  rheumatism,  the  insoluble  antiseptics 
in  fevers  of  intestinal  origin,  and  antiseptics  or  antitoxins  introduceil 
into  infected  foci.  These  are  substances  which  deserv^e  to  be  con- 
sidered as  antipyretics  of  predilection.  They  act  by  combating  the 
cause  of  the  morbid  process,  while  most  of  the  febrifuges,  by  modi- 
fying the  reactionary  mechanism,  hinder  nature's  work.  Babeo- 
therapy  alone  represents  a  natural  medication,  for  it  simply  favors 
(lissii)ati()n  of  heat,  which  is  already  increased  bv  the  disease.  At  the 
same  time  baths  act  upon  the  principal  apparatus  of  the  economy. 
Hence,  they  are  now  currently  used  and  are  applicable  to  a  gn^at 
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number  of  infections.  Being  given  lukewarm  or  cold,  according  to 
circumstances,  the  bath  is  the  only  true  antipyretic  that  may  be 
prescribed. 

Venesection. 

We  are  far  from  the  epoch  when  blood-letting  was  systematically 
practised  in  fevers,  when  it  was  imagined  that  acute  diseases  could 
be  checked  by  repeated  abstraction  of  the  vital  fluid.  At  present 
this  method  is  seldom  resorted  to  in  the  treatment  of  infectious 
diseases.  It  is  employed  only  in  pneumonia  or  in  certain  complica- 
tions. We  must,  therefore,  briefly  study  its  influence  upon  the 
organism  and  its  possible  indications  in  infections.  Without  present- 
ing the  history  of  the  physiological  effects  of  blood-letting,  which  is 
Btill  obscure  on  certain  points,  it  will  suffice  to  refer  to  the  acquired 
results.  An  easily  foreseen  first  effect  is  a  reduction  in  blood  pressure. 
This  phenomenon  is  produced  as  soon  as  the  vein  is  open.  Tension 
rapidly  decreases,  to  again  rise  slowly  when  the  flow  is  arrested,  and 
returns  to  a  figure  somewhat  below  that  observed  at  the  beginning. 
In  this  respect  successive  blood-lettings  act  less  and  less  energeti- 
cally. Coincidently,  according  to  Marey's  law,  the  pulse  becomes 
more  rapid  and  weak.  If,  however,  arterial  tension  is  very  consid- 
erable and  venous  stasis  very  marked,  the  pulse  becomes  fuller.  The 
red  blood  corpuscles  diminish  in  number,  but  this  first  phenomenon 
is  followed  by  a  very  marked  increase  in  the  hematoblasts.  This 
second  result,  not^d  by  Dr.  Hayem,  is  in  perfect  harmony  with  the 
researches  which  have  been  pursued  on  the  hematopoietic  organs, 
demonstrating  their  increa8e<l  functional  activity.  After  the  bleed- 
ing the  celb  proliferate  in  order  to  repair  the  losses  of  the  organism, 
and,  as  always,  compensation  exceeds  the  primary  effect.  The  slight 
leucocytosis  which  auper\'enes  in  most  cases  is  probably  produced 
by  the  same  mechanism.  The  dimiimtion  of  the  blood  mass  has  two 
important  consequences :  it  facilitates  the  circulation  in  parts  which 
are  overloaded  with  blood  and  relieves  passive  congestions,  with  the 
result  that  the  functions  of  the  organs  are  better  fulfilled.  The  effect 
is  particularly  appreciable  in  the  lungs.  At  the  same  time,  an  osmotic 
current  is  established  from  the  tissues  toward  the  bloodvessels.  The 
interstitial  fluids  ])a.sR  into  the  circulation.  If  they  are  toxic,  their 
action  upon  the  organism  may  be  dreader!,  and,  in  fact,  Lisfranc 
rejected  blood-letting  whenever  a  purulent  or  putrid  focus  e>dBted. 
If,  however,  elimination  is  easy,  blooil-letting  favors  the  passage  into 
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the  blood  of  substances  deposited  in  the  interstitial  plasma,  and  thta 
promotes  disintoxication  of  the  organism.  Blood-letting  acts  the 
better  the  easier  the  work  of  the  heart  is  rendered  under  its  influence, 
and,  consequently,  the  urinary  secretion  is  increased.  As  a  inalter 
of  fact,  experiments  have  demonstrated  that  diuresis  is  increased  m 
consefjuence  of  blood-letting.  Since  we  are  speaking  of  poisons,  it 
is  well  to  remark  that  blood-letting  is  one  of  the  best  means  for  freeiug 
the  organism  from  them.  With  good  reason,  Prof.  Bouchanl  has 
laid  stress  on  this  point.  He  notes  that  a  blood-letting  of  32  gjaiiis 
eliminates  from  the  orgajiism  0.5  gram  of  extractive  matters. 
In  twenty-four  hours  the  urine  eliminates  8  grams  of  such  niattm. 
This  small  loss  of  blood  thus  throws  out  of  the  body  the  one-sixteenth 
part  of  the  poison  aceumidating  in  one  day  when  urijiarj'  secretion 
is  suspended.  This  result  seems  still  greater  when  it  is  remembered 
that  280  grains  of  intestinal  fluid  or  10  quarts  (9  litres)  of  sweat  are 
requiretl  in  order  to  produce  the  same  effect. 

By  modifying  blooci  pressure,  blood-letting  is  followed  by  dilata- 
tion of  the  capillaries  and,  consequently,  a  more  active  irrigation  o[ 
the  tissues.  The  result  is  a  favorable  modification  in  nutrition.  In 
fact,  the  urine  of  twenty-four  hours  eliminates  more  urea,  more  phos- 
phoric acid  and  extractive  matters  fLi?pine).  The  same  influence 
may  be  found  by  studying  the  organic  apparatus ;  the  nervous  sj'stem 
becomes  more  active,  and  respiration  easier  and  deeper.  A  last  effect 
of  blood-letting  is  a  modification  in  the  temiierature.  Under  its  iD- 
fluence  temperature  is  lowered,  and  this  effect  is  the  more  marked  as 
calorification  is  increased.  The  thermometer  has  sometimes  marked 
one  or  two  degrees  less  after  blood-letting.  Unle^,  however,  abun- 
dant and  repeated  bleedings  are  practised,  the  effect  is  irausitoo"; 
the  temperature  soon  rises,  and  at  times  exceeds  the  former 
degree. 

Let  us  now  apply  these  data  to  infectious  diseases.  The  indica- 
tions may  be  formulated  in  the  following  manner:  Blood-letting  is 
indicated  for  combating  excessive  hyperthermia.  Congestion  ia  the 
venous  sj-stem  embarrasses  cardiac  contraction  and  gi^'es  rise  w 
passive  congestion  in  the  lungs,  kidneys,  and  brain.  The  result  is  a 
profound  and  rapid  intoxication  of  the  organism,  esiiecially  if  renii 
insufficiency  coexists. 

Blood-letting  is  contraindicated,  even  under  the  foregoing  condi- 
tions, in  children,  the  aged,  and  debilitated  individuals.  In  oilier 
words,  the  advisability  of  blood-letting  is  to  be  coneidere<l  nnly  s* 
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regards  vigorous  atlults,  especially  those  presenting  what  the  aiicients 
designated  under  the  term  plethoric  temperament. 

Let  us  now  consider  a  detemiinerl  infection,  the  only  one,  perhaps, 
in  which  l}lood-letting  is  still  fjuite  frequently  employed — i.  e., 
pneumonia.  Formerly,  blood-letting  was  resorted  to  systematically. 
Tommasini,  of  Bologne,  practised  as  many  as  twenty  blood-lettings 
of  from  400  grams  to  500  grams  each.  He  thus  drew  ten  quarts 
(nine  litres)  of  blood.  Broussais  and  Bouillaud  followed  an  analo- 
gous method.  At  present  there  is  general  agreement  that  blood- 
letting does  not  check  pneumonia;  it  does  not  even  abridge  ita  course, 
but  it  improves  certain  symptoms.  It  is  indicated  in  all  vigorous 
adults  in  whom  fever  is  intense  and  dyspnea  is  troublesome  and  in 
whom  an  extensive  focus  surrounded  by  a  vast  zone  of  hyperemia 
and  edema  is  found.  It  is  likewise  indicated  when  the  patient  is 
cyanosed  and  the  right  heart  is  dilated:  also  when  venous  stasis 
affects  the  brain,  giving  rise  to  sonnnolence  or  a  semicomatose  state. 
In  this  case,  blood-letting  brings  immediate  relief;  respiration  be- 
comes freer,  deeper,  and  shorter;  the  pulse  is  strengthened,  the  ner- 
vous disturbances  diminish,  and  in  several  cases  an  amelioration  in 
cardiac  manifestations  and  increased  diuresis  are  clearly  observed. 

Blood-letting  has  been  practised  in  all  infectious  diseases.  Typhoid 
fever,  eruptive  fevers,  erysipelas,  inflammations  of  the  serous  mem- 
branes, and  especially  acute  articular  rheumatism  have  been  treated 
by  blood-letting.  Dr.  Du  Castel  thinks  that  this  method  may  render 
service  in  variola  when  very  marked  phenomena  of  cerebral  stasis 
are  present.  This  particular  case  excepted,  blood-letting  is  indicated 
in  infectious  diseases  when  intense  pulmonary  and  renal  disturbances 
are  observed.  It  may  likewise  be  available  in  other  localizations  in 
the  viscera  or  serous  membranes.  In  this  case,  however,  local  deple- 
tions and  wet  cuppings  are  mostly  employed. 

Blood-letting  is,  therefore,  reserved  for  those  cases  in  which 
intense  pulmonary  congestion  hinders  hematosis  and  embarrasses 
the  function  of  the  right  heart.  It  becomes  altogether  urgent  in 
cases  of  acute  pulmonary  edema.  In  certain  fever  cases,  especially 
when  renal  lesions  are  present,  pulmonary  etiema  may  rapidly 
appear  and,  at  times,  cause  death  within  a  few  minutes.  This 
dangerous  manifestation  is  obser\-ed  particularly  during  convales- 
cence in  the  coiu-se  of  scarlatinal  nephritis.  This  is  one  of  the  most 
formal  indications  for  blootl-letting,  as  the  procedure  gives  mar- 
vellous results  against  this  visceral  manifestation. 
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When  the  renal  lesion  influences  the  nervous  system  the  indication 
for  blood-letting  is  not  any  less  clear.  It  is  likewise  during  con- 
valescence from  scarlatina  that  uremic  accidents  involving  the  brain 
are  observed  and  command  bleeding.  While  this  method  is  service- 
able against  the  sjrmptoms  of  chronic  nephritis,  it  is  particularly 
indicated  in  acute  nephrites  which  manifest  a  natural  tendency 
toward  recovery.  It  suffices  to  assist  the  organism  a  little  in  order 
to  avoid  grave  manifestations. 

The  knowledge  of  the  rdle  played  by  intoxication  in  the  production 
of  infectious  symptoms  leads  to  the  question  whether  it  would  not 
be  advisable  to  practise  blood-letting  in  certain  grave  cases.  Tbe 
amount  of  poisons  impregnating  the  economy  would  thus  be  dimin- 
ished. The  suggestion  is  evidently  rational.  It  may,  however,  be 
objected  that  the  loss  of  blood  would  weaken  the  patient.  Tbe 
question  is  again  laid  before  us  to-day.  We  know,  in  fact,  the 
marvellous  results  of  salt-water  injections  in  the  treatment  of  iDfe^ 
tions.  Some  authorities  have,  therefore,  proposed  to  combine  tk 
two  methods.  The  idea  is  perfectly  reasonable,  and  the  disadvantages 
of  venesection  are  thus  offset  by  saline  infusion. 

Injections  of  Artificial  Serum. 

Intravenous  or  subcutaneous  injections  of  artificial  seruni  are 
daily  employed  at  present  in  the  treatment  of  the  most  varied 
infections.  While  there  is  general  agreement  as  to  their  usefubess, 
their  mode  of  action  is  still  a  subject  of  controversy.  Drs.  Dastre 
and  Loye,  who  were  the  first  to  transfer  the  question  to  experimental 
ground,  suppose  that  salt-water  injections  realize  lavage  of  the 
organism.  It  has  been  objected,  however,  that  in  hydremic  animals 
the  renal  secretion  is  profoundly  modified.  The  urine  is  an  aqueous 
fluid  which,  in  certain  cases,  carried  less  extractive  matters  than  it 
would  under  normal  conditions.  Some  experimental  investigations 
have  confirmed  this  conclusion  by  demonstrating  that  infected  or 
intoxicated  animals  upon  which  lavage  of  the  blood  is  practised  die 
before  the  controls.  It  is  to  be  noted  that  the  problem  is  far  more 
complex  than  seems  at  first  view.  When  salt-water  is  injected 
beneath  the  skin  or  into  the  veins  quite  different  effects  are  pro- 
duced. The  amount  of  fluid  contained  in  the  vessels  is  moilifietl. 
Contrary  to  what  might  be  expected,  the  blood  pressure  varies 
little,  at  least  if  it  was  normal.-  We  must,  therefore,  presume  that 
either  vasomotor  modifications  or  some  eliminations  have  rapidly 
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taken  place.  In  the  latter  instance,  if  a  portion  of  the  fluid  is  re- 
jected by  the  emunctories,  another  portion  is  deposited  in  certain 
tissues,  and  mocUfies  the  nutrition  of  the  organism,  and  consequently 
produces  changes  in  the  activity  of  various  parts.  As  a  matter  of 
fact,  experiments  have  demonstrated  that  the  responsive  aptitude 
of  the  nervous  system  is  considerably  increased.  This  modification 
is  immediate;  it  supervenes  immediately  after  the  injection.  At 
the  same  time,  however,  the  nutritional  modifications  are  followed 
by  changes  in  the  histological  structure  of  certain  tissues.  This 
is  readily  recognized  by  studying  the  bone-marrow. 

Lifluence  of  Injections  of  Artificial  Semm  upon  Absorption.  The 
first  question  is  whether  injections  of  salt-water  modify  the  absorp- 
tion of  jwisons  tlepositeil  beneath  the  skin  or  in  the  alimentary 
canal.  Magendie  took  up  this  problem.  He  introduced  a  poison 
into  the  pleura  after  having  practised  blood-letting.  The  disturb- 
ances were  manifest  at  the  end  of  tliirty  seconds,  while  in  an  intact 
animal  they  did  not  appear  until  two  minutes  after.  On  the  other 
hand,  when  he  injectetl  one  or  two  quarts  (litres)  of  water  into  the 
veins  the  symptoms  were  then  more  tardy ;  they  often  did  not  appear 
when  two  quarts  were  introduced.  \Vhen,  however,  blood-letting 
was  practised  upon  this  hydremic  animal  the  toxic  manifestations 
developed  as  the  blood  was  flowing.  The  experiments  of  Delbet 
likewise  established  that  intravenous  injections  of  salt  water  prevent 
the  absorption  of  strychnine  introduced  into  the  peritoneum.  More 
recent  experiments  pursued  by  Dr.  Chassevant  also  demonstrated 
that  such  injections  retard  and  attenuate  tlie  action  of  strychnine 
introduced  beneath  the  skin.  Taking  up  thLs  question,  I  learned 
that  salt-water  effectively  retards  the  absorption  of  strychnine. 
The  fluid  was  injected  into  rabbits  by  the  intravenous  route,  at  a 
temperature  of  102.2°  F.  (39°  C),  in  amounts  of  3  to  4  com.  per 
minute  per  kilogram  of  animal.  The  amount  introduced  varied 
from  3  to  228  c.cm.  per  kilogram.  Five  minutes  after  the  salt- 
water injection  the  animals  received  subcutaneously  from  |  to  2 
mg.  of  strychnine  sulphate.  The  injections  of  salt-water  in  doses 
of  3  to  70  c.cm.  per  kilogram  did  not  greatly  modify  the  resistance 
of  the  animals:  at  times  they  increased  it,  and  at  other  times  they 
diminished  it.  Wlien,  however,  considerable  quantities  were  intro- 
duced, that  is  from  166  to  228  c.cm.  per  kilogram,  the  symptoms 
■were  delayed  and  less  marked.  Thus,  1  mg.  killed  a  rabbit  within 
eighteen  to  thirty-one  minutes;  while  it  takes  half  an  hour  to  kill 
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an  animal  ha\-iiig  previously  received  210  c.cm,  of  salt-water  per 
kilograin.  By  diminishing  the  dose  of  the  poison  we  observed  iir> 
disorder  whatever.  In  one  rabbit  7  mg.  produced  no  clisturlraiitf, 
not  even  an  exaggeration  of  the  reflexes,  wliile  two  other  rahliit* 
which  received  tlie  same  anioimt  of  strj-chnine  per  kilograiii,  hail 
intermittent  convulsions  extending  over  a  period  of  se\'en  or  ei^il 
minutes;  then  the  animals  recovered,  although  for  thirty  to  forty 
minutes  they  retained  a  very  marked  exaggeration  of  the  reflexes. 

When  strychnine  is  injected  into  the  veins  instead  of  beneath 
the  skin,  the  results  are  different.  The  animals  which  received  salt- 
water reacted  far  more  rapidly  and  energetically,  and  died  before 
the  controls.  Tliis  result  demonstrates  that  injections  of  salt-water, 
while  retarding  the  action  of  strychnine  injected  beneath  the  skin. 
do  not  act  by  diminishing  the  sensibility  of  the  animals.  It  must, 
therefore,  be  admittx>d  either  that  they  hasten  elimination  or  that 
they  hinder  absorption.  By  injecting  strychnine  into  the  veins  at 
a  very  slow  rate,  so  as  to  introduce  the  convulsi/ying  dose  in  .ui 
hour  and  a  half,  elimination  should  be  effected  still  more  eafiily 
than  is  the  case  in  subcutaneous  injections.  The  animals  should 
not  present  any  disorder.  Experiments  having  given  the  contrary 
result,  I  concluded  that  the  role  of  elimination  is  insignifirjint. 
Injection  of  large  quantities  of  salt-water  into  the  veins  retard  and 
diminish  strychnine  intoxication  because  they  hinder  absorption, 

Here,  therefore,  is  a  first  result  which  must  be  taken  into  account 
for  therapeutic  indications.  The  result  should  not,  however.  Iw 
generalized.  Wiat  is  true  of  alkaloids  is  not  applicable  to  microbir 
toxins,  Enriquez  and  Ualhou  demonstrated  that  previous  injections 
of  sall-wnter  in  nowise  prevent  the  absorption  of  diphtheritic  toxins 
injected  heneath  the  skin. 

Influence  of  Injections  of  Artificial  Serum  upon  Eliminatioii. 
What  is  the  uifluence  of  intravenous  injections  upon  renal  elintina- 
tion?  Numerous  researches  have  been  pursued  on  this  subject. 
Dastre  and  Ijoye,  who  have  well  studied  the  method  from  an  experi- 
mental standpoint,  practised  lavage  of  the  blood.  Tlie  attempts, 
however,  which  were  made  to  save  the  mtoxicated  or  inreclfl 
animals  generally  gave  no  results.  Tlie  animals  thus  treated  dini 
more  rapidly  than  the  eontrob.  By  studying  the  urine  of  aninmls 
having  received  such  amounts  of  salt-water  as  to  {loublc  the  blood 
mass,  Carrion  and  Halhon  learned  that  while  the  amount  of  water 
excreted  increases,  the  amount  of  matters  eliminated,  except  that  o( 
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sodium  chloride,  is  smaller  than  normal.  Sodium  ehluride  is  substi- 
tuted in  the  mine  for  other  materials;  it  does  not  carry  them  away. 
These  results  account  for  the  failure  of  attempts  of  experimental 
therapeutics. 

These  results,  however,  should  not  be  hastily  generalized.  As  a 
matter  of  fact,  I  have  obtained  different  results  by  studying  the 
eiiminatioti  of  two  substances  which  are  easily  detected  in  the  urine 
— ferrocyanide  of  potassium  and  sulphindigotate  of  soda. 

In  a  first  series  of  experiments,  rabbits  received  through  a  vein 
of  the  ear  4  c.cm.  of  a  1:200  solution  (2  centigrams)  of  ferro- 
cyanide of  potassium.  The  injection  lasted  a  minute.  Then  an 
effort  was  made  to  discover  at  what  moment  the  urine  gave  the 
characteristic  blue  color  with  perchloride  of  iron.  In  order  to  deter- 
mine tliis,  we  collected  every  minute  a  few  drops  of  the  urine  either 
by  means  of  a  catheter  or  by  compressing  the  bladder  through  the 
abdominal  wall.  By  experimenting  upon  six  normal  rabbits  we 
discovered  the  presence  of  ferrocyanide  in  the  urine  at  the  end  of 
ten,  eleven,  thirteen,  fourteen,  sixteen,  and  seventeen  minutes— i,  e., 
thirteen  minutes  on  an  average.  In  four  rabbits  into  which  we 
injected  salt-water  before  the  introduction  of  the  ferrocyanide  we 
obtained  the  folloiving  figures:  seven  minutes  in  a  first  rabbit 
having  previously  received  62  c.cm.  of  salt-water  per  kilogram;  six 
minutes  in  a  second  rabbit  having  received  100  c.cm. ;  eight  minutes 
in  two  others,  one  having  receivetl  133  and  the  other  160  c.cm.  per 
kilogram:  the  average  is  seven  minutes.  The  differences  are,  there- 
fore, very  clear.  The  previous  injection  of  salt-water  caused  the 
ferrocyanide  to  appear  in  the  urine  twice  as  rapidly  as  in  the  controls. 

It  is  very  difficult  to  determine  at  the  end  of  what  time  elimination 
is  completed,  for  the  ferrocyanide  diminislies  little  by  little,  and  a 
moment  arrives  wlicn  reaction  with  perchloride  of  b'on  becomes 
extremely  doubtful.  Nevertheless,  here  are  figures  presenting  a 
comparative  value.  In  three  normal  rabbits  reaction  discontinued 
respectively  at  the  end  of  four  hours,  four  hours  and  forty  minutes, 
and  five  hours.  In  three  rabbits  which  receiveil  salt-water  after  the 
injection  of  the  ferrocyanide  reaction  ceased :  in  the  first  one,  which 
had  received  62  c.cm.  per  kilogram,  at  the  end  of  foiu"  hours;  in 
the  other  two,  which  had  received  each  100  c.cm.  at  the  end  of 
three  hours  and  forty  minutes  and  three  hours  and  thirty  minutes, 
reepectively.  Thus,  it  may  be  stated  that,  on  an  average,  elimina- 
tion lasts  four  hours  and  thirty-tliree  minutes  in  the  controls,  and 


gl2  INFECTIOUS  DI8EA8B8. 

three  hours  and  forty-fhree  minutes  in  the  injected  animals,  llie 
differences  are  appredable,  but  not  important. 

Clearer  results  may  be  obtained  by  the  employment  of  sulphmdi- 
gotate  of  sodium.    When  2  ccm.  of  a  3  per  cent,  solution  of  this 
substance  is  injected  into  the  veins  of  a  rabbit,  at  the  end  of  three 
or  four  minutes  a  urine  of  a  decidedly  bhie  color  b^ins  to  flow. 
The  passage  of  the  coloring  substance  is,  therefore,  effected  far  too 
rapidly  to  permit  the  experimenter  to  notice  differences  in  hydranie 
animals.    Hence,  I  simply  sought  to  learn  whether,  by  injectiog 
salt-water  after  the  introduction  of  indigo,  I  favored  the  elimination 
of  this  coloring  matter.    The  results  were  similar  to  those  obtained 
with  ferrocyanide:  the  urine  recovered  its  normal  aspect  at  the  end 
of  four  hours  and  a  half  in  the  controls,  and  at  the  end  of  three 
hours  and  a  half  to  three  hours  and  fifteen  minutes  in  the  treated 
animals.    It  is  undovtood  that  in  all  these  experiments  the  varying 
degrees  of  dilution  of  the  excreted  fluid  were  always  taken  into 
account. 

In  order  to  obtain  a  more  convincing  demonstration  of  the  influ- 
ence exercised  by  injections  of  salt-water,  I  introduced  into  the 
veins  15  to  20  ccm.  per  kilogram  of  a  3  per  cent,  solution  of  suli^iin- 
digotate  of  soda.  The  animals  soon  presented  a  bluish  color,  fairly 
appreciable  in  the  nose,  lips,  gums,  nictitatiog  membrane,  and  con- 
junctiva. On  cutting  off  the  fur  the  skin  was  foimd  to  be  of  a 
deep  blue  color.  Preserving  one  animal  as  control,  I  injected  salt- 
water into  the  other.  An  injection  of  130  ccm.  per  kilogram 
notably  accelerated  the  return  of  the  normal  color,  especially  in  the 
mucous  membranes.  At  the  end  of  an  hour  and  a  half,  for  example, 
the  buccal,  nasal,  and  ocular  mucous  membranes  became  grajish; 
at  the  end  of  two  hours  or  two  hours  and  a  half  they  recovered 
their  normal  hue.  At  this  moment,  in  the  control  animals  the 
same  parts  were  still  of  a  slightly  greenish-blue.  The  diflferences 
were  analogous  ^ith  regard  to  the  skin,  but  they  were  less  marked. 
With  the  controls  as  well  as  with  the  treated  animals,  decolorization 
was  effected  far  more  slowly  in  the  skin  than  in  the  mucous  mem- 
branes. The  results  were  the  same  in  the  viscera.  On  sacrificing 
the  animals  at  different  moments  I  noticed  that  decolorization 
was  more  rapidly  produced  in  those  which  had  received  salt-water 
injections.  For  example,  at  the  end  of  three  hours  the  liver  had 
resumed  its  normal  aspect,  while  it  was  still  blue  in  the  controls. 
Tlie  kidneys  remained  colored  for  a  longer  time,  but  their  color 
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was  less  marked.  Lastly,  at  the  end  of  seven  hours,  the  animalE 
treated  presented  very  little,  if  any,  abnormal  color;  while  the 
kidneys  and  the  tendons  of  the  controls  were  still  blue. 

It  may,  therefore,  be  concluded  that  intravenous  injections  of 
salt-water  truly  realize  lavage  of  the  blood  or  rather  of  the  organism; 
they  hasten  the  appearance  of  ferrocyanide  of  potassium  in  the 
urine  and  accelerate  its  elimination.  Finally,  as  our  experiments 
with  indigo  demonstrated,  they  promote  elimination  of  noxious  sub- 
stances deposited  in  the  tissues. 

It  would  be  worth  while  to  take  up  the  study  of  the  question  by 
varying  the  doses  and  employing  the  most  varied  substances.  It 
would  thus  be  possible  to  establish  the  laws  of  elimination.  All 
that  we  can  say  at  present  is  that  injections  of  artificial  serum  seem 
to  produce  divers  effects  according  to  the  substances  employed. 
They  favor  elimination  of  some  and  liinder  that  of  others. 

Influence  of  Injections  of  Artificial  Serum  upon  t&e  Functions 
and  Nutrition  of  the  Organism.  The  study  of  strychnine  intoxica- 
tion enabled  me  to  recognize  that  injections  of  artificial  serum 
modified  the  responsive  aptitudes  of  the  organism.  In  order  to 
avoid  errors  arising  from  modifications  in  absorption,  it  is  necessary 
to  introduce  the  jjoison  directly  into  the  veins.  The  results  were 
extremely  clear.  By  injecting  into  the  veins  doses  of  strychnine 
which  produced  no  disturbance  in  the  controls,  I  caused  fatal  con- 
vulsions in  the  hydremic  animals.  In  several  of  my  experiments 
the  injections  were  matle  very  slowly.  I  thus  hoped  to  allow  time 
for  renal  elimination  to  take  place ;  but  no  matter  whether  the  rate 
of  the  injections  was  rapid  or  slow,  the  result  was  the  same.  The 
conclusion  is,  therefore,  that  salt-water  injections  increased  reflex 
excitability ;  the  employment  of  strj-chnine  was  designed  to  deter- 
mine the  sensibility  of  the  spinal  cord.  The  concordant  results 
obtained  demonstrate  that  saline  infusion  produces  a  dynamogeny 
in  the  nervous  centres.  This  therapeutic  method  Ls,  therefore, 
indicated  in  all  cases  of  depression  or  asthenia.  Clinical  experience 
shows  that  this  deduction  is  well  founded. 

Another  point  on  which  clinical  observation  and  experimentation 
are  agri'ed  is  the  influence  exercised  upon  the  blood  pressure.  In 
certain  cases  pressure  rises  by  a  very  simple  mechanism.  For 
exani|}le,  in  the  case  of  an  individual  in  whom  the  arterial  pulsation 
is  no  longer  appreciable,  and  death  seems  to  be  imminent  as  the 
result  of  profuse  hemorrhage,  injection  of  salt-water  into  the  veins 
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revives  the  patient  inuDediately ;  the  cardiac  pulsations  are  strengtti- 
ened,  and  the  pulse  improves.  On  the  other  hand,  it  may  bt  iw^ 
posed  that  the  injections  also  act  upon  the  nervous  centres  and 
that  they  indirectly  raise  blood  pressure.  This  action  may  aecoimi 
for  the  results  obtained  in  the  treatment  of  infections  of  the  iligestive 
canal,  such  as  cholera,  enteritis,  and  infections  of  the  peritoceuni. 
It  is  precisely  in  such  cases  that  the  bliwd  presstu-e  falls  to  ihe 
rainimiun.  Bosc  and  Vedel  demonstrateti  the  good  results  of  saline 
injections  in  animals  which  were  inoculated  with  the  colon  hftdlhis. 
On  the  other  hand,  Enriquez  and  Hallion  follow-ed  the  variations 
of  blood  pressure  in  animals  at  the  last  stage  of  diphtheritic  iiit«x- 
ication.  Under  the  influence  of  the  injections  the  blood  pressure, 
ttiiich  had  been  very  low,  was  seen  to  rise  progressively,  while  the 
various  symptoms  imjiroved.  Amelioration  was  not,  however, 
permanent.  This  was  probably  due  to  the  fact  that  experimental 
intoxication  was  too  brutal,  and  the  animals  could  not  be  saved. 

The  ner\-ous  and  circulatory  functions  as  well  as  all  the  tlKuea 
of  the  organism  are  favorably  influejiced  by  injections  of  salt-water. 
L.  Gamier  and  Lambert  demonstrated  that  the  muscles  consunie>l 
more  oxygen  and  eliminated  more  carbonic  acid.  This  modilicatiDn 
seems  to  be  quite  independent  of  any  nervous  influence,  since  il 
was  observetl  in  the  muscles  separated  from  the  body  of  the  ammal. 
The  same  authors  have  likewise  discovered  that  the  amount  of 
glycogen  diminished  in  the  liver,  not  because  it  was  eliminated,  but 
simply  because  the  hepatic  cells  had  become  more  active  and  con- 
sumed it  more  rapidly.  Chemical  analysis  thus  agrees  with  experi- 
mentation and  clinical  obser\'ation  to  establish  that  artificial  serum 
is  a  powerful  stimulant  of  nutritional  activity  and  that  it  posscses 
a  high  dynamogenic  power.  Histological  investigations  prove  the 
same  thing.  To  be  convinced  of  this,  it  suffices  to  examine  the 
bone-marrow  of  animals  submittetl  to  this  medication,  I  recogniMcl, 
with  Dr.  Josu^,  that  fat  was  rapidly  absorbed  and  the  cells  of  tlie 
marrow  proliferated.  ThLs  fact  presents  certain  interest  from  the 
standpoint  of  pathological  physiology,  since  it  is  known  that  bone- 
marrow,  by  furnishing  round  cells  to  the  blood,  plays  an  importan! 
r61e  in  the  defense  of  Ihe  organism  against  infections, 

Indications  of  Injections  of  Artificial  Senun.  The  first  attempts 
were  made  as  early  as  1S31.  Joeiiiken,  of  Moscow,  injected  slightly 
acidulated  water  into  a  cholera  patient  at  the  point  of  death.  The 
patient  died  two  hours  later.    A  Scotch  physician.  Latta,  in  1S32, 
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advocated  intravenous  injections  of  salt-water  in  cholera.  In  1850 
Ziuimermaon  treated  by  this  method  a  certain  number  of  cholera 
patients,  and  reported  thirty  cures.  Lorain,  in  1866,  and  Dujardin- 
fieaumetz,  in  1876,  reported  other  facts.  Tliese  first  attempts  did 
not,  however,  have  followers,  and  we  must  turn  to  the  contributions 
of  Hayem  to  see  intravenous  injections  or  artificial  serum  take  an 
importajit  place  in  therapeutics. 

Subcutaneous  or  intravenous  injections  of  salt-water  are  at  present 
employed  in  the  treatment  of  the  most  varied  infections.  The 
quality  of  fluid  to  be  injected  has  been  varied.  On  the  basis  of 
highly  interesting  theoretical  considerations,  Quinton  has  recently 
proposed  to  employ  diluted  sea-water.  This  liquid  is  said  to  be 
better  borne  and  to  exercise  a  more  energetic  therapeutic  action. 

In  our  wards  we  employ  either  8  per  1000  solutions  of  salt-water 
or  Hayem's  serum,  which,  as  is  known,  contains  5  grams  of  NaCl  and 
10  grams  of  Na,SO,  per  litre  (quart).  The  liquid  is  sterilized  and 
introduced  after  being  heated  to  104°  F.  (40°  C),  Dawborn  em- 
ployed solutions  heated  to  120.2°  F.  (49°  C).  While  the  experi- 
ments of  Richet,  Langlois,  and  Athanasiu  demonstrated  that  injec- 
tions of  hot  water  are  well  borne  by  animals,  those  of  Lepine  and 
ours  show,  on  the  other  hand,  that  ice-water  does  not  produce  any 
disturbance.  It  may  be  concluded  that  the  body  heat  may  be 
modified  by  injections  of  more  or  less  heated  fluids.  For  the  time 
being,  it  seems  more  prudent  to  employ  solutions  the  temperature 
of  which  is  near  that  of  the  body.  This  precaution  is  in(iispensable 
when  an  intravenous  injection  is  practised.  It  is  less  important  in 
subcutaneous  injections.  When  it  is  necessary  to  act  promptly, 
intravenous  injection  is  preferable.  If,  however,  the  vein  cannot 
be  discovered,  for  example,  in  an  obese  individual  or  in  a  patient 
whose  bloodvessels  have  contracted,  intraperitoneal  injection  may 
be  practised.  According  to  experiments  pursued  oti  animals,  this 
method  is  harmless  and  has  the  advantage  of  permitting  very  rapid 
absorption.  When  there  is  no  urgency  the  fluid  may  be  injected 
into  the  rectum,  after  having  given  an  evacuative  enema. 

Whatever  the  route  of  introduction,  injections  produce  identical 
effects,  appreciable  especially  in  the  case  of  intravenous  injections. 
Bosc,  Vedel,  ami  Micbaux  have  described  the  various  manifestations 
observed  under  these  circumstances.  During  the  injection,  the 
pulse  becomes  slower,  more  regular  and  stronger.  The  central  and 
axillary  temperatures  slightly  rise;  eoraetimes  <liarrhea  is  produced. 
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Immeiliately  after  the  injection,  the  patient  experiences  a  fwlii^ 

^f  quiet  exhilaration  which  lasts  from  thirty  minutes  to  an  hour. 

?n  \-ioient  chills  supen-ene;  the  extremities  become  eolil  and  blue. 

;  pulse  and  respiration  are  accelerated,  and  the  reflexes  exa^gCT- 

ii«d.    The  temperature  rapidly  rises.    The  patient  then  experiences 

u  oeJisation  of  heat.     This  second  stage  is  followed  by  a  more  '« 

Bs   rapid  return  to  the  normal.     In  certain  instances  fever  dis- 

ipears  completely  and  in  a  definitive  manner.    Oning  to  the  violent 

action  thus  produced,  the  organism  seems  to  have  arrested  the 

iiorbid  evolution. 

After  subcutaneous  injections  similar  reactions  occur,  but  they 

.re  more  tardy  and  less  intense.     Intravenous  injection  is  indicated 

irticularty  in  verj-  acute  infections  and  in  diseases  aggravated  bj- 

d  su<iden  complication.    Cholera  and  choleriform  diarrheas  bebng 

o  the  first  instance;  peritoneal  infections,  supervening  in  ccnse- 

ence  of  a  sui^cal  operation  or  in  the  course  of  an  infection,  may 

ewise  be  treated  by  this  method.    In  cases  of  peritonitis,  a  reduc- 

n    in   arterial   pressure   is  not   infrequently  the   first   symptom 

terved.     An  intravenous  injection  raises  the  blood  i>ressure..  and 

i4iereby  stimulates  activity  of  tlie  glands  and  assures  diuresis.   TTie 

resnltB  of  iDtrsvatous  injections  are  oftec,  however,  of  a  tranntAiy 

character.    It  is  then  necessary  to  repeat  the  injection  of  the  fluid. 

If  one  litre  is  injected,  four  or  five  similar  injections  may  be  pven 

in  twenty-four  hours.    In  one  case  Lejars  introduced  seven  litres 

in  seven  hours.    In  another  instajice  he  injected  twenty-six  litres 

in  nine  days. 

Very  satisfactory  results  may  also  be  obtained  by  combining 
subcutaneous  and  intravenous  injections.  Owing  to  their  immediate, 
almost  instantaneous,  eflfects  the  latter  palliate  the  early  symptoms. 
The  introduction  of  salt-water  beneath  the  skin  furnishes  to  the 
economy  a  provision  of  fluid  which  passes  slowly  into  the  blood  as 
the  emunctories  eliminate  the  water  introduced.  In  infections  with 
a  slow  course,  in  adynamic  fevers,  and  in  cases  of  myocarditis 
subcutaneous  injections  are  usually  employed.  Finally,  when  a 
profound  intoxication  of  the  organism  is  suspected,  blood-letting  and 
transfusion  may  be  combined.  Everyone  knows  of  this  method 
proposed  by  Dr.  Barr^:  150  to  300  c.cm.  of  blood  are  taken  from 
a  vein,  and  from  200  to  1200  c.cm.  of  salt-water  are  then  injected 
into  the  veins  or  beneath  the  skin. 
'Hie  amount  of  the  Quid  injected  varies  considerably  according  to 
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the  Indmdual  under  treatment,  the  disease  observed,  and  the  end 
pursued.  In  grave  cases,  from  500  c.cra.  to  1000  c.cm.  of  artificial 
senim  are  introduced  into  the  veins.  In  most  cases  the  author 
employs  subcutaneous  injections.  The  amount  varies  according  to 
the  age  of  the  subject  and  the  nature  and  gravity  of  the  case.  In 
children  about  two  years  of  age,  from  10  c.cm.  to  20  c.cm.  suffice. 
Tlie  author  generally  injects  from  200  c.cm.  to  300  c.cm.  in  the  case 
of  adults.  If  the  case  is  more  serious,  from  400  c.cm.  to  500  c.cm. 
may  be  used.  Moreover,  in  case  of  neetl,  subcutaneous  injections 
may  be  repeated  several  times  a  day,  and  it  is  surprising  to  see  with 
what  facility  patients  bear  them. 

All  sorts  of  infections  may  be  treated  by  this  method.  It  is 
employed  in  all  grave  pyrexias,  notably  in  those  in  which  the  nervous 
system  is  extremely  weakened  and  there  is  tendency  to  adynamia 
and  cardiac  collapse,  a  dehydration  of  the  organism  expressed  by  the 
dryness  of  the  mucous  membranes  and  of  the  skin,  a  diminution  in 
the  amount  of  urine,  and  the  occurrence  of  profuse  and  multiple 
hemorrhages. 

The  existence  of  pulmonary,  renal,  or  cardiac  complications  is  at 
times  consitlered  a  contraindication.  Lesions  of  the  lungs,  the  author 
thinks,  contraindicate  intravenous  injections,  but  they  should  in  no- 
wise prevent  subcutaneous  injections.  He  often  prescribes  artificial 
serum  for  children  suffering  from  bronchopneumonia,  provided,  how- 
ever, that  small  amoimts  be  given  t\\'o  or  three  times  a  day.  The 
same  rule  should  be  followed  in  the  case  of  renal  or  cardiac  compli- 
cations. Experience  has  demonstrated  that  intravenous  injections 
are  often  harmful,  and  if  a  lesion  of  the  heart  is  present,  this  may 
cause  sudden  death.  On  the  contrary,  subcutaneous  injections  are 
well  borne.  Tlie  method  is  available  not  only  during  the  stationary 
period,  but  at  the  end  and  during  convalescence  from  infections. 
■Rie  author  has  resorted  to  it  several  times  when  recovery  was  not 
clearly  established,  notably  at  the  end  of  typhoid  fever.  An  injec- 
tion of  100- c.cm.  often  suffices  to  cause  the  last  symptoms  to  disap- 
pear. During  convalescence  from  infections,  when  the  patient  is  not 
restored  to  health  with  gratifying  rapidity,  recourse  may  be  had  to 
injections  of  small  amounts  of  saline  solutions,  following  the  advice 
of  Landouzy.  From  10  c.cm.  to  20  c.cm.  of  artificial  serum  are 
introduced  beneath  the  skin  twice  a  week.  This  is  a  method  which 
renders  most  appreciable  service  in  the  case  of  tedious  convales- 
cence. 
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Special  Indie ationa  for  Injections  of  Artificial  Serum.  After  the  geo- 
eral  study  which  we  have  presented  concerning  saline  injections,  we 
filiall  be  verj-  brief  on  particular  indications. 

Numerous  cases  of  surgical,  obstetrical,  and  medical  septicemias 
have  been  successfully  treated  by  this  method.  Intravenous  injec- 
tions have  mostly  been  employed.  TufEer  reported  two  eases  of 
tetanus  cured  by  saline  injections  ])receded  by  blood-lettiiig.  Tlie 
attempts  made  in  hydrophobia  by  Magendie,  Ot(;  and  Reclus  weie 
negative.  Among  medical  affections,  digestive  Infections  partim- 
larly  are  best  treated  by  this  method.  Cholera  is  the  disease  which 
is  most  frequently  treated  by  intravenous  injections.  In  order  to 
succeed,  it  ifl  necessary,  as  has  been  sho^m  by  Hayem,  to  intervene 
early,  as  soon  as  the  pulse  shows  weakness,  and  not,  aa  is  often  done, 
in  the  period  of  collapse.  From  1500  c.cm.  to  2000  c-cm.  and  even 
2.'>00  r.cm.  are  injected  into  the  veins.  If  the  symptoms  returu,  the 
injection  is  repeated  on  the  following  day.  In  certain  instanws 
recoverj-  has  been  obtained  only  after  five  or  six  intravenous  injec- 
tions. As  has  already  been  stated,  there  is  advantage  in  injecting 
at  the  same  time  400  c.cm,  to  500  c.cm.  beneath  the  skin.  In  mild 
eases  the  subcutaneous  method  exclusively  is  used.  Finally,  excd- 
ient  results  are  obtaiuod  by  prescribing  coincidently  warm  bftlhs  so 
as  to  maintain  the  temperature  of  the  body  and  avoid  return  of  the 
algid  state.  The  same  rules  are  applicable  to  choleriform  ententes. 
The  indications  are  the  same;  the  less  grave  the  symptoms  the  more 
sufficient  the  hypodermic  method  generally  proves  to  be.  Treatment 
is  likewise  identical  in  cases  of  gastroenterites  of  the  newborn  and 
cholera  infantum.  Marfan  advises,  with  good  reason,  the  addition 
of  a  small  amount  of  caffein  to  the  fluid :  75  eg.  of  citrate  or  benioate 
of  caffein  are  added  to  300  c.cm.  of  salt-water,  and  three  injections 
of  5  c.cm.  to  20  c.cm.  daily  are  given. 

TjTihoid  fever,  especially  its  adynamic  forms,  is  favorably  influ- 
enced by  the  injections.  In  the  case  of  intestinal  hemorrhage,  the 
effects  of  the  injections  are  very  remarkable.  In  order  to  be  con- 
vinced of  this,  it  suffices  to  bleed  an  animal.  At  the  moment  at 
which  death  seems  to  be  imminent  an  intravenous  injection  is  prac- 
tised, and  immediately  the  heart  beats  with  energy  and  all  the  dis- 
turbances disappear.  In  mild  cases  sahne  injection  beneath  the  skin, 
and,  if  the  symptoms  are  alarming,  into  the  veins,  is  the  preferable 
treatment.  By  this  method  patients  who  had  already  fallen  into  a 
state  of  collapse  have  been  cured.    The  second  important  complica- 
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tion — ).  €.,  perforation  of  the  intestine — likewise  requires  a  saline 
injection,  which  renews  the  forces  of  the  patient  and  enables  him  to 
bear  surgical  intervention. 

Among  other  infections,  typhus  fever,  typhoidal  affections,  notably 
ulcerating  endocarditis  and  adynamic  pneumonia,  must  be  treated 
by  subcutaneous  injections.  The  author  employs  them  also  in  erup- 
tive fevers,  at  least  in  grave  forms,  and  in  erysipelas.  When  the 
manifestations  persist  and  the  temperature  remains  high  in  spite  of 
cold  baths,  subcutaneous  injection  often  suffices  to  bring  about 
defervescence.  In  several  cases,  after  having  introduced  300  c.cm. 
to  400  c.cm.  beneath  the  skin,  the  symptoms  disappeared  within 
twenty-four  hours.  This  method  may  be  employed  even  in  cases  of 
wandering  erysipelas.  It  is  then  necessary  to  inject  the  fluid  into 
a  part  of  the  organism  far  from  the  diseased  spot. 

To  sum  up,  barring  a  few  particular  cases,  which  we  have  indicated 
above,  saline  injections  represent  one  of  the  best  methods  of  treat- 
ment of  infectious  diseases.  Tliey  succeed  far  better  in  man  than 
in  animals,  probably  for  the  reason  that  the  nervous  system  in  man 
is  far  more  profoundly  affected.  By  stimulating  its  activity,  the 
injection  favors  general  nutrition  and  the  fmictions  of  the  principal 
organs.  Moreover,  it  perhaps  acts  also  by  furnishing  water  to  the 
organism.  We  have  several  times  referred  to  the  unportance  of  water 
for  the  activity  of  the  cells,  and  if  it  is  true  that  in  the  fight  against 
infections,  the  organism  tends  to  return  to  a  functional  state  char- 
acteristic of  a  younger  age,  the  chemical  formula  of  this  tendency  is 
an  increased  amount  of  water.  Tliis  is  a  new  reason,  based  upon 
numerous  analyses,  for  liaviiig  recourse  to  injections  of  salt-water. 

Symptomatic  Medication. 

In  a  great  number  of  cases  the  physician  must  combat  certain 
symptoms  or  comphcations  regardless  of  the  mechanism  governing 
their  development.  It  is  then  a  question  of  dangerous  or  painful 
disorders,  which  are  about  the  same  in  all  infections,  and  require  a 
common  therapeutics.  Among  these  disorders  several  have  ah-eady 
been  studied,  and  we  shall  only  briefly  recall  their  indication.  Of 
others  we  shall  .speak  at  some  length. 

Treatment  of  Febrile  Manifestations.  W'e  have  sufficiently  indi- 
cated the  rules  that  must  guide  us  in  the  treatment  of  fever  and  have 
shown  that  the  only  rational  meiHcation  is  represented  by  cold  or 
lukewarm  baths.    In  cases  in  which  fever  starts  with  chills  and  in 
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thoee  in  whom  chflki  ooour  in  the  oourae  of  a  pyretic  infection,  the 
patient  must  be  meehanieally  heated.    As  has  aheady  been  stated, 
diiUs  Te|»reBent  a  reaction  of  the  oigaoism  calculated  to  raise  tlie 
temperature  in  order  to  combat  the  hypothamiring  action  of  toxiDs. 
At  this  mom^it  the  ddn  is  cold  and  pale,  owing  to  contraction  of 
the  small  perifdieral  arteries.   Snce  the  investigalions  of  Maiey  it 
is  known  that  vAxea  the  ddn  is  cold  it  meai^  that  the  individiial 
tends  to  become  heated,  and  Ihat  irtien  the  skin  is  warm  he  tends 
to  become  cold.  Ilite  formula,  paradoadcal  in  aiq>earance,  is,  never- 
theless, very  sinqple.    Wl^n  tiie  skin  »  cold,  dissipation  of  heat  a 
reduced  as  much  as  possible;  this  disBqmtion  increases  as  the  cuta- 
neous temperature  rises.   When,  Iherefcffe,  the  skin  of  an  individQai 
is  cold,  heat  must  be  fumidied,  and  irti^ithe  skin  is  warm  heat  must 
be  abstracted.    In  both  instances  naturalistic  medication  is  prao- 
tised.  Cbnsequwtly,  during  chills  the  patent  must  be  wdl  covered, 
and  hot  water  bottles  should  be  {rfaced  in  his  bed.   Moreover,  to  tbe 
same  end,  hot  beverages  must  be  gyven.  This  medication  is  a  popular 
one.    Mistaking  the  ^ect  for  the  cause,  many  persons  think  that 
the  initial  diills,  notably  in  influenia,  rq)resent  a  cold  vdiicfa  causeB 
the  disease,  and  flatter  themsdves  as  to  their  ability  to  arrest  tiie 
evolution  by  means  of  hot  applications  and  beverages.    The  effect 
is  real,  but  the  interpretation  is  erroneous.    The  truth  is  that  it  is 
not  the  chill  that  is  combated,  but  the  organism  is  assisted  in  warm- 
ing itself. 

At  the  end  and  at  times  during  the  course  of  fevers,  sweating  is 
not  rare.  It  commonly  appears  at  the  end  of  a  paroxysm  after  the 
period  of  heat.  Sweating  requires  some  hygienic  precautions.  The 
perspiration  should  not  be  allowed  to  grow  cold  upon  the  skin.  The 
bed-clothes  should,  therefore,  be  changed,  dry  friction  practised,  and 
the  patient  covered  with  blankets.  Finally,  as  sweating  gives  rise 
to  thirst,  the  patient  must  be  given  drink;  hot  beverages  and  infu- 
sions should  be  administered.  The  sweating  of  cachectic  and  tuber- 
cular patients  requires  special  treatment.  Five  milligrams  of  agaricin 
and  two  to  five  grams  of  camphoric  acid  may  be  prescribed.  TTie 
best  medicine,  however,  is,  without  doubt,  the  neutral  sulphate  of 
atropin.  One-half  milligram  granules  are  first  given,  and  if  this  dose 
proves  to  be  insuflicient,  two,  three,  and  even  four  of  them  may  be 
administered  in  a  day.  Sweating  must  be  combated,  particularly 
during  the  night,  as,  by  its  abimdance,  it  distiu-bs  the  sleep  of  the 
patients.    The  author  has  sometimes  observed  night-sweats  during 
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convalescence  from  acute  infections.  A  granule  of  atropin  given 
three  or  four  evenings  in  succession  suffices  to  make  them  disappear. 

In  infections  which  terminate  by  crisis,  notably  in  pneumonia,  the 
temperature  may  suddenly  fall  below  the  normal.  This  disturbance 
is  transitory  in  adults,  but  in  children,  and  especially  in  the  aged, 
hypothermia  may  be  excessive  and  attended  by  alarming  phenomena 
of  collapse.  Hot  baths,  hot  water  bottles,  cutaneous  friction,  and 
stimulating  medicines  nmst  then  be  prescribed. 

Treatment  of  Merrous  Manifestations.  The  general  treatment  of 
nervous  disturbances,  whether  the  case  is  one  of  excessive  excitation 
or  depression,  consists  in  lukewarm  or  cold  baths.  This  is  the  best 
procedure  for  regulating  the  nervous  functions,  remedying  delirium, 
and  inducing  sleep.  It  is  likewise  the  treatment  for  that  frequent 
and  alarming  symptom  observed  in  cliildren — i'.  e.,  convulsions. 
Tliese  are  not  rare  at  the  beginning  of  infections.  Convulsions  are 
the  equivalent  of  chills  in  adults.  Commonly  transitory,  they  require 
no  special  treatment.  A  few  hygienic  rules  suffice.  Most  parenta, 
frightened  at  seeing  theu-  children  sufifering  from  con\'ulsions,  have 
the  deplorable  habit  of  taking  them  in  their  arms,  slapping  them 
on  the  back,  and  walking  the  floor  with  them.  On  the  contrary,  they 
should  be  kept  at  rest.  The  child  should  be  placed  in  a  large  bed 
8o  as  to  avoid  the  danger  of  falling  out  when  agitated.  The  room 
should  be  kept  in  semidarkness  and  free  from  noise.  When  convul- 
sions are  repeated  they  indicate  a  lesion  in  the  nervous  centres  or  a 
too  great  excitability  of  the  child.  In  the  latter  case  they  are  the 
equivalent  of  delirium.  It  is  then  necessary  to  resort  to  lukewarm 
baths  at  100.5°  F.  (38°  C.)  during  the  intervals  of  convulsion,  or,  if 
fever  is  intense,  to  baths  gradually  rendered  cold  so  as  to  reach 
a  temperature  of  89.5°  or  even  86°  F.  (32°  or  30°  C).  For  the 
same  purpose  antispasmodic  preparations  may  be  employed,  among 
which  the  most  usual  are  the  tinctures  of  musk,  asafetida,  and  vale- 
rian, which  are  prescribed  in  doses  of  ten  to  thirty  drops,  according 
to  the  age  of  the  children.  In  the  case  of  gastric  intolerance,  a  musk 
enema  is  generally  given. 

The  treatment  of  delirium  requires  special  consideration.  Balneo- 
therapy takes  the  first  rank.  In  young  and  robust  adults  cold  baths 
are  given.  In  chilcben  and  persons  above  forty  years  of  age,  luke- 
warm baths  are  a^lministered,  It  is  well  to  note,  however,  that  in 
these  cases  cold  effusions  should  be  practised  upon  the  head  during 
the  bathing.    If  the  patient  is  much  agitated,  for  instance,  in  the 
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case  of  alcoholic  delirium,  an  additional  difficulty  faces  us.  Aft^r 
having  been  brought  back  to  his  bed,  the  patient  may  attempt  to 
get  out  and,  even  when  constantly  watched,  he  may  at  times  succeed 
in  rising.  It  is  then  necessary  to  force  him  to  lie  down  again.  In 
hospitals  the  difficulties  are  still  greater,  and  physicians  are  some- 
times compelled  to  resort  to  coercive  measures.  One  of  the  best 
methods,  which,  however,  is  applicable  only  to  mild  cases,  consists 
in  placing  on  each  side  of  the  bed  a  plank  so  as  to  prevent  an  easy 
escape.  When  delirium  is  more  intense  it  is  necessary  to  bind  the 
patient,  but  in  such  a  manner  as  to  allow  him  to  move  easily  in  the 
bed. 

The  therapeutic  indications  vary  according  to  the  cases  under 
treatment.  There  is  a  neuropathic  deliriiun  related  to  a  pre\'ious  state 
of  the  individual,  and  there  is  a  delirium  dependent  upon  chronic 
intoxications,  notably  alcoholism.  Neuropathic  delirium,  when  not 
very  intense,  requires  no  special  therapeutics.  Balneotherapy  is 
sufficient.  When  intense,  delirium  must  be  treated  by  means  of  anti- 
spasmodics. Bromides  may  render  service.  In  infectious  diseases, 
which  are  so  often  attended  by  cardiac  or  renal  disturbances,  it  is 
well,  in  general,  to  avoid  potassiiun  salts.  Bromide  of  sodium  should 
be  given  in  doses  of  from  two  to  four  grams  a  day.  Musk  is  also 
available,  but  the  medicine  to  which  the  author  resorts  most  fre- 
quently is  valerian.  The  best  preparation  is  the  extract,  of  which 
4  to  6  grams  are  given  a  day.  An  infusion  of  the  root  is  also  useful, 
15  to  30  grams  of  which  may  be  given  as  an  enema,  or  a  10:1000 
infusion  of  half  an  hour.  Valerian  acts  mostly  by  the  isomeric  carbo- 
hydrate of  turpentine  oil,  which  it  contains,  and  not  by  valerianic 
acid.  The  author,  therefore,  avoids  the  use  of  valerianate  of  am- 
monia. 

In  alcoholic  delirium  occurring  in  the  course  of  an  infectious  dis- 
ease, the  extract  of  valerian  may  be  employed.  The  true  medication, 
however,  is  alcohol  associated  or  not  with  opium.  In  our  hospitals 
Todd's  potion  is  usually  prescribed.  The  French  Codex  formulates 
it  in  the  following  manner:  old  brandy  or  nun,  40  grams;  sinij)le 
syruj),  30  grams;  tincture  of  cinnamon,  5  grams;  distilled  water. 
75  grams. 

As  brandv  and  rum  contain  45  to  60  per  cent,  of  alcohol,  the 
amount  given  above  is  too  small.  In  fact,  Todd  prescribed  from 
100  grams  to  150  grams  of  brandy  in  twenty-four  hours  for  cases  <'f 
medium  severity,  and  from  300  to  500  grams  hi  grave  cases.    Tlie 
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second  indication,  however,  formulated  by  Todd,  and  which  is  per- 
haps the  most  important  but  is  often  overlooked,  is  that  the  alcoliolic 
potion  is  not  to  be  given  in  very  large  doses.  According  to  this 
famous  clinician,  14  grams  of  brandy  should  be  given  every  two 
hours.  If  this  precept  is  not  followed,  grave  accidents  may  be  pro- 
duced by  the  use  of  this  alcoholic  beA-erage.  A  very  simple  procedure 
consists  in  giving  a  dessert-spoonful  of  rum  with  two  or  three  times 
ita  volume  of  sweetened  water  every  two  hours.  If  the  agitation  is 
extremely  violent,  alcohol  may  be  associated  with  opium.  This  asso- 
ciation is  frequently  indicated  in  pneumonia,  erysipelas,  and  variola. 
From  5  eg.  to  10  eg.  of  extract  of  opium  or  from  20  to  40  drops  of 
Sydenham's  laudanum  is  given  in  twenty-four  hours.  The  opium 
preparations  are  likewise  to  be  given  in  fra^;tional  doses.  The  desired 
quantity  may  be  given  in  Todd's  potion  or  with  wine.  Wine  to 
which  the  daily  dose  of  laudanum  is  added  has  a  very  remarkable 
action ;  one  litre  of  such  wine  may  be  given  in  twenty-four  hours. 
If  there  is  tendency  toward  adynamia,  champagne  is  to  be  preferred. 
The  treatment  must  be  completed  by  certain  medicines  calculated 
to  combat  cardiac  liisorders  which  are  so  frequent  in  such  cases. 
Spartein  and  strychnine  may  be  administered  subcutaneously.  One 
cubic  centimetre  of  a  solution  containing  5  eg.  of  sulphate  of  spartein 
and  1  mg.  of  sulphate  of  strychnine  may  be  injected  morning  and 
evening. 

This  treatment  would  be  perfect  if  the  cerebral  disorders  of  alco- 
hohc  patients  did  not  frequently  coexist  with  renal  lesions.  Albu- 
minuria absolutely  contraindicatej?  the  employment  of  alcohol  and 
of  opium,  which  then  produce  extremely  grave  phenomena  of 
depression.  Baths,  bromides,  and  valerian  will  suffice  in  such  cases. 
Moreover,  let  us  recall  that,  in  certain  cases,  delirium  may  be  cured 
by  specific  medication.  Quinine  should  be  given  in  the  case  of 
malarial  delirium  and  mercury  and  iodides  to  syphilitics. 

^Mien  the  nervous  system  is  much  excited  insomnia  is  frequent. 
This  disturbance  is  combated  by  the  medications  directed  against 
delirium  and  by  the  general  therapeutics  of  infection.  If,  notwith- 
standing the  baths,  insomnia  should  persist,  hypnotics  must  be 
employed.  As  the  patients  soon  became  accustomal  to  their  action, 
it  is  well  to  change  tlie  medicine  as  soon  aa  ita  effect  is  exhausted. 
One  gram  of  sulphonal,  of  trional.  or  of  hyimal,  2  grams  of  chloral 
hydrate,  or  a  mixture  of  chloral  and  bromide  of  sodium,  in  the  dose 
of  1  gram  of  each,  may  be  administered.    Opium  should  be  mis- 
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trusted.  It  is  indicated  only  in  alcoholic  patients  and  in  the  courw 
of  variola.  Even  in  these  cases,  however,  it  is  to  be  avoided  it  there 
is  albumin  in  the  urine  or  the  secretion  is  too  scanty.  In  chiliiren 
lukewarm  baths  almost  always  suffice.  In  case  of  need  a  little 
bromide  of  sodium  or  calcium  may  also  be  prescribed;  20  eg.  or 
25  eg.  for  each  year  of  the  age  may  be  administered, 

Wien  tlie  nervous  system  seems  to  be  exhausteil,  diffusible  stimu- 
lants are  to  be  resorted  to.  Potions  containing  rum  or  brandy,  cham- 
pagne, an(.i  vinous  beverages  may  be  prescribed-  Wine  may  be  pven 
to  cliildron ;  30  to  60  grams  of  Malaga  would  be  an  excellent  do*. 
The  wine  of  Bagnols  is  used  in  the  cordial  potion  of  the  Frendi 
Codex:  110  grams  of  Bagnols,  40  grams  of  syrup  of  bitter  orange- 
peel,  10  grams  of  tincture  of  cinnamon.  Coffee  and  preparations  tif 
caffein  may  likewise  be  employed. 

Among  stimulants,  ether  may  be  utilized.  Thirty  grama  of  s>tu|) 
of  ether  is  gi^en  in  a  julep  to  which  four  grams  of  acetate  of  amaionia 
are  added.  Ether  may  likewise  be  administered  subcutaneously.  Tlie 
injections  must  be  made  quite  deep  into  the  tissues ;  otherwise  ther 
are  verj-  painful,  and,  what  is  graver,  at  times  give  rise  to  small 
eschars.  One  or  two  cubic  centimetres  of  pure  ether  is  generally 
injected,  and  may  be  repeated  every  hour.  Du  Castel  has  eniphasiied 
the  satisfactory  effects  obtained  in  variola  by  the  combined  treat- 
ment of  ether  and  opium.  One  cubic  centimetre  of  ether  is  injectai 
morning  and  evening,  and  from  6  eg.  to  10  eg.  of  extract  of  opium 
are  at  tlie  same  time  prescribetl,  according  to  the  severity  of  the 
delirium. 

The  injections  of  ether  may  with  advantage  be  replaced  by  those 
of  camphorated  oil.  A  1:3  solution  is  employed;  in  some  cases  one- 
tenth  of  ether  is  added  to  it.  Camphor  exercises  a  powerful  lijiia- 
mogenic  action  upon  the  nervous  system.  It  may  be  administered 
in  the  form  of  enema;  in  this  case  it  is  suspended  in  a  gum  arable 
emulsion  containing  in  250  grams  of  the  fluid,  1  gram  of  camphor, 

2  grams  of  gum  arable,  and  the  yolk  of  one  egg. 

Among  the  nervous  disturbances  of  convalescents  we  may  cite 
various  paralyses  which  may  be  treateii  by  two  procedures :  an  inter- 
nal treatment  represented  by  strychnine,  given  in  doses  of  2  mg.  or 

3  mg.  of  the  sulphate  or  tlie  arsenate;  an  external  treatment  reprt- 
sented  by  electric  currents.  If  there  is  albuminuria  at  the  same 
time,  electricity  alone  is  to  be  eraployeil.  Faradic  currents  are 
generally  used. 
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Tnatmeot  of  Cardiovascular  Manifestations.  Heart  disturbances 
are  so  frequent  and  important  iji  various  infections  that  they  deserve 
particular  attention  and  often  require  special  treatment. 

The  physician  has  seldom  to  combat  erethism.  It  sometimes 
occurs  in  the  beginning  of  pericarditis.  The  therajjeutic  indications 
consist  mainlj-  in  revulsive  measures:  dry  or  wet  cupping  over  the 
precordial  region  and  thermocauterization  may  daily  be  applied. 
Coincidently,  bromide  of  sodium  or,  what  seems  to  be  preferable,  a 
mixture  of  2  grams  of  the  bromide  and  1  gram  of  iodide  of  sodium 
may  be  prescribed.  The  vasodilatation  produced  by  the  latter  medi- 
cine diminishes  cardiac  erethism  and  the  painful  phenomena  accom- 
panying it.  If  the  latter  are  very  marked,  opium  preparations,  such 
as  Dover's  powder  or  injections  of  morphine,  may  at  the  same  time 
be  prescribed.  In  most  cases  the  period  of  excitation  is  transitory 
and  too  often  yields  to  a  state  of  depression  dependent  upon  myo- 
carditis. 

Whatever  may  be  its  cause,  myocarditis  has  important  therapeu- 
tic indications.  The  first  question  arising  is:  Should  the  cold  baths 
be  continued?  It  is  true  that  patients  who  receive  baths  are  less 
frequently  liable  to  develop  myocarditis.  When,  however,  it  is  devel- 
oped the  baths  should  be  suspended.  In  fact,  the  first  indication  con- 
sists in  the  avoidance  of  all  movement  and  all  displacement  of  the 
patient.  Coincidently,  alcohol  or  coifee  are  to  be  prescribed;  injec- 
tions of  ether,  of  camphorated  oil,  and,  above  all,  subcutaneous 
injections  of  artificial  serum,  nmst  be  practised,  tlie  latter,  however, 
in  small  amounts  often  re]ieated.  Among  cardiac  medicines,  digi- 
talis is,  in  this  connection,  the  least  effectual;  5  eg.  of  sulphate  of 
spartein,  tincture  of  strophanthus,  or  strophanthin,  and  especially 
caffein,  are  to  be  employed.  If  thesvTnptoras  are  not  too  serious, 
cafTein,  given  in  a  potion,  will  suffice.  It  is  dissolved  by  benzoate 
of  soda,  the  influence  of  which  upon  oxiilations  is  appreciable.  In 
this  case  the  author  prescribes  a  stimulating  potion  formulated  as 
follows:  rum,  30  grams;  syrup  of  bitter  orange-peel,  30  grams;  Hoff- 
man's anodyne,'  4  graULi;  tincture  of  cinnamon,  2  grams;  benzoate 
of  soda,  4  grams;  caffein,  1  gram;  linden  flower  water,  60  grains. 
One  tablespoonful  every  half  hour  is  taken. 

In  case  of  urgency,  subcutaneous  injections  must  be  practised. 
The  classical  solution  is  then  employed ;  benzoate  of  soda,  3  grams ; 

floflmnn'H  Btiodyne  cimsists  of  equal  parla  of  ether  and 
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caffein,  2.5  grams;  distilled  water,  sufficient  quantity  to  make 
10  ccm.  Each  Pravaz  sjiii^ful  contains  25  centigrams  of  caffeiu; 
three  or  foiir  injections  may  be  given  in  twenty-four  hours.  When 
the  phenomena  of  collapse  appear,  injections  of  caffein  are  to  be 
alternated  with  those  of  ether,  or  camphorated  oil,  or  sulphate  ol 
strychnine,  of  which  1  milligram  is  injected  twice  a  day.  Lastly 
when  arterial  pressure  is  very  low^Potain  lias  seen  it  fall  to  13  oi 
even  6  cm.^a  little  ergotin  may  be  given.  In  case  of  fainting,  tin 
habitual  means  are  employed:  horizontal  decubitus,  the  head  i 
httle  low,  flagellation,  artificial  respiration,  and  rhythmic  tractioi 
of  the  tongue. 

If  tlie  patient  recovers,  he  is  to  be  kept  on  milk  diet  for  a  Ion 
time,  and  the  avoidance  of  movements  and  displacements  raus 
be  emphasized.  Finally,  some  cardiac  medicine  must  be  prescribei 
among  which  I  prefer  strophanthus  (1  to  2  milligrams  of  the  extrat 
or  ten  to  fifteen  drops  of  the  tincture).  The  hypertrophy  consecutiv 
to  infections  requires  no  special  treatment.  The  treatment  ( 
chronic  cardiopathies  is  to  be  applied — i.e.,  hygienic  precautioi 
and  avoidance  of  fatigue.  As  to  pharmaceutical  measures,  lon^ 
continued  medication  with  iodide  aad  bromide  yields  the  m« 
satisfactory  results. 

For  twenty  days  each  month  a  daily  dose  of  1  gram  of  bromid 
of  sodium  and  80  eg,  of  iodide  of  sodium,  mth  20  eg.  of  iodide  i 
potassium,  should  be  given. 

Endocarditis  is  less  frequent  and  requires  no  special  therapeutic; 
At  the  be^nning,  treatment  is  the  same  as  in  pericarditis.  In  cat 
of  need,  cardiac  erethism  must  be  quieted  by  means  of  revulsive 
If  the  heart  muscle  shows  signs  of  failure,  the  same  treatment  J 
for  myocarditis  may  then  be  prescribed. 

Vascular  and  notably  arterial  complications  are  very  rare.  Shoul 
the  aorta  be  affected,  the  treatment  must  consist  in  re%'ulsiv 
measures.  In  the  case  of  peripheral  arteritis,  the  first  indication  i 
to  place  the  affected  limb  in  a  good  position  and  surround  it  wit 
hot  compresses.  When  ischemia  terminates  in  sphacelation,  sub 
cutaneous  injections  of  antiseptic  substances  must  be  resorted  K 
The  author  employs  neutrahzed  peroxide  of  hydrogen,  Bouehar 
obtained  success  by  interstitial  injections  of  creosote,  Formol  an' 
camphorated  salol  have  tikewise  been  employed  for  the  same  pui 
pose.  If  the  gangrene  extends  or  the  general  state  is  aggravate' 
amputation  must  be  practised. 
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Treatment  of  Eespiratory  Manifestations.  Respiratory  disorders 
require  very  active  therapeutics.  In  the  first  place  the  nasal  foci 
may  be  the  seat  of  a  serous,  mucous,  or  purulent  catarrh. 

In  some  cases  the  inflammation  extends  to  tiie  sinuses  of  the  face. 
In  the  case  of  a  simple  serous  catarrh,  a  slightly  antkeptic  powder 
is  sDuffed  or  a  little  menthol  is  inhaled.  In  the  case  of  purulent 
coryza  the  best  treatment  consists  in  menthol  inhalations.  The 
vapor  penetrates  into  the  interior  of  the  nose  and  even  the  sinuses, 
and  realizes  a  certain  degree  of  antisepsis.  A  tablespoonful  of  a 
3  per  cent.  alcohoUc  solution  of  menthol  is  put  in  a  bowl  of  hot  wateff 
which  is  then  covered  with  a  funnel  turned  down,  and  the  patient 
18  instructed  to  breathe  the  vapors  rising  through  the  tube  of  the 
funtiel.  In  more  serious  cases,  lavage  must  be  resorted  to  accord- 
ing to  the  procedures  which  we  have  already  indicated.  Then  a 
Balve  with  resorcin  and  menthol  must  be  introduced.  The  em- 
ployment of  menthol  in  the  form  of  inhalations  and  of  salves  is 
the  best  treatment  to  oppose  the  development  of  sinusites.  Lastly, 
it  is  well  to  remember  that  the  discharges  from  the  nose  often 
irritate  the  upper  lip;  hence  the  epidermis  must  be  protected  by 
means  of  a  salve,  such  as  vaselin  containing  boric  acid  or  bismuth. 
When  lesions  involve  the  larynx,  menthol  inhalations  may  hkewise 
be  employed.  The  medicinal  vapor  thus  reaches  the  entire  upper 
part  of  the  respiratory  tract.  It  is  advisable,  at  the  same  time,  to 
keep  the  patient  in  a  rather  humid  atmospliere.  For  this  purpose 
slightly  antiseptic  fluids,  such  as  carbolizeri-water  or  benzoin-water, 
may  be  sprayed  about  the  patient.  If  the  lesions  are  more  profound, 
notably,  if  they  terminate  in  the  production  of  ulcerations,  stronger 
medication  is  necessary.  Spraying  should  be  done  with  Van  Swieten's 
8olution,or  with  naphtholated  water.  Tlie  latter  medicine  is  employed 
as  follows:  25  eg.  of  naphthol  in  25  c.cm.  of  alcohol  and  75  c.cm.  of 
water.  In  rare  cases  it  may  be  necessary  to  touch  the  larynx  directly 
by  certain  local  medicines.  Some  medicines  admmistered  by  the 
mouth  may  exercise  a  favorable  action  upon  the  larynx;  some  of 
them  stunulate  the  secretions,  others  diminish  the  spasmodic 
element  which  is  superadded  to  the  inflammatory  process.  Nitrate 
of  pilocarpin  is  very  serviceable  in  the  former  case.  I  inject  sub- 
cutaneously,  at  two  different  times,  ^  c.cm.  of  a  1  per  cent,  solution. 
The  spasmodic  element  must  be  combated  by  belladonna  frequently 
associated  with  aconite.  A  mixture  of  equal  parts  of  tincture  of 
belladonna  and  aconite  root  is  used,  thirty  drops  a  day  in  three 
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doses.    Bromides,  bromofonn,  and  codein  may  also  be  used  for  the 
same  purpose. 

We  should  like  to  call  special  attention  to  the  frequency  of  ex- 
tremely troublesome  night  coughing  in  certain  infections  and  par- 
ticularly certain  epidemics  of  influenza.  These  coughing  spells 
sometimes  last  an  hour  or  more  and  give  rise  to  great  fatigue.  The 
true  treatment  consists  in  giving,  at  the  moment  of  the  spell,  one  or 
two  tablespoonfuls  of  the  following  potion  in  a  little  water:  bromo- 
form,  1  gram ;  syrup  of  codein,  40  grams ;  cherry-laurel  water,  5  grains; 
white  looch,  80  grams. 

AppUcations  upon  the  cervical  r^on  are  quite  frequently  prac- 
tised. They  may  be  employed  cold  or  hot.  In  the  former  case 
the  intention  is  to  exercise  an  antiphlogistic  action.  Hot  appUcations, 
however,  are  being  more  and  more  resorted  to,  as  they  are  anti- 
spasmodic, and  at  the  same  time  stimulate  reactions.  Laryngeal 
spasm,  notably  in  yoimg  children,  may  very  rapidly  be  soothed  by 
means  of  hot  applications  upon  the  neck,  and  at  the  same  time  by 
inhalation  of  steam.  When,  in  spite  of  all  these  medications,  the 
disturbances  persist,  when  the  spasm  becomes  too  intense  or  lasts 
too  long,  or  when  an  obstacle  to  the  entrance  of  air  results  from  deep 
lesions,  pseudomembranes,  edema,  or  ulcerations,  the  passage  of  air 
should  be  re-established  by  tracheotomy. 

.\s  is  known,  bronchitis  Ls  extremely  frequent  in  the  course  of  the 
nio.^t  varied  infections.  A\Tien  slight,  it  needs  no  particular  treat- 
ment. Wlien  intense,  bronchitis  does  not  contraindicate  balneo- 
therapy. On  the  contrary,  the  baths  should  be  continued,  even 
cold  baths;  under  their  influence  vascular  constriction  is  produced, 
whirh  reduces  the  congestive  phenomena.  If  the  indiWdual  is  too 
n(*rvous,  or  if  too  violent  excitation  is  feared  for  some  reason  or 
other,  warm  baths  at  96.8°  or  even  100.4°  F.  (36°  or  38°  C.)  may  be 
given  every  three  hours.  This  treatment  is  also  indicated  when  the 
intlaniniation  extends  to  the  small  bronchi  and  terminates  in  broncho- 
pneumonia. At  the  same  time  appHcations  to  the  chest  may  be 
(MHployed.  Tliey  are  useful  in  all  complications  of  the  resj^iratory 
apparatus.  The  heating  compress  gives  excellent  results.  Apiece 
of  nuislin  is  folded  eight  or  ten  times  and  immersed  in  water  at 
59°  or  even  50°  F.  (15°  or  10°  C).  It  is  then  wTung  out  and  applied 
upon  the  chest  of  the  patient  and  covered  ^^'ith  oiled  silk.  At  the 
end  of  two  or  three  hours  the  compress  is  removed.  Tlie  chest  is 
th(Mi  found  very  hot  and  the  skin  red  and  congested,  as  if  a  sinapism 
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had  been  applied.  The  treatment  acts  by  the  revulsion  and  the 
nervous  excitation  which  it  induces,  which  results  in  deeper  respira- 
tion and  at  times  in  a  spell  of  coughing  which  expels  mucosities. 

Cutaneous  revulsion  may  also  be  practiced  by  means  of  large 
poultices  sprinkled  with  mustard  flour,  and  dry  and  wet  cupping. 
If  the  lesions  are  circumscribed,  tincture  of  iodin  may  be  used  to 
which  a  Uttle  guaiacol  is  added  in  the  proportion  of  2 :  10  or  5 :  10, 
or  a  salve  with  guaiacol  in  the  proportion  of  1^ :  10  or  1 :  10.  It  is 
better  to  abstain  from  vesicatories  which,  in  an  organism  already 
infected,  may  aggravate  the  urinary  disturbances  and  even  cause 
cutaneous  lesions,  and  thus  open  a  route  for  secondary  infection. 
Finally,  in  children,  a  more  extensive  revulsive  action  may  be 
exercised  by  prescribing  lukewarm  mustard  baths :  150  or  200  grams 
of  mustard  flour  is  put  in  a  linen  bag,  which  is  first  plunged  into  cold 
water,  then  into  the  water  of  the  bath.  In  very  young  children 
revulsion  is  obtained  by  means  of  hot  friction.  Camphorated 
chamomile  oil  is  put  in  a  cup  and  heated  over  the  flame  of  a  candle, 
and  then  hot  friction  is  practised  with  the  hand  upon  the  abdomen 
and  lower  extremities,  which  are  then  covered  with  a  thick  layer 
of  cotton.  As  to  the  degree  of  temperature  at  which  the  oil  is  to 
be  used,  it  is  not  necessary  to  determine  it  accurately.  The  parents 
should  be  instructed  to  employ  it  as  hot  as  the  hand  can  bear. 

These  various  procedures  are  designed  to  produce  revulsion. 
They  sometimes  succeed  in  palliating  certain  disorders.  There  is 
one  disturbance,  however,  which  gives  much  trouble  to  patients 
and  against  which  some  remedy  is  always  asked :  We  refer  to  cough- 
ing. Let  us  remark  immediately  that  coughing,  although  very 
troublesome,  is  nevertheless  useful  at  least  in  certain  instances.  We 
must  distinguish  two  kinds  of  cough :  one  is  dry  and  spasmodic,  the 
other  favors  expectoration.  The  former  may  be  combated,  the 
latter  must  be  respected,  for  it  is  intended  to  eliminate  bronchial 
secretions  or  exudates  of  the  bronchi  and  lungs.  Various  soothing 
medicines  may  be  prescribed  against  dry  cough :  antispasmodics  and 
especially  opium  preparations  are  useful.  Nearly  all  cough  syrups 
contain  opium.  The  following  are  very  often  prescribed:  Diacode 
syrup,  which  contains  1  eg.  of  extract  of  opium  to  20  grams  of  s\Tup; 
syrup  of  morphine,  containing  1  eg.  of  this  alkaloid  to  20  grams  of 
syrup ;  syrup  of  codein,  20  grams  of  which  represent  4  eg.  of  codein ; 
the  opiated  syrup  of  lactucarium  of  the  French  Codex,  which  contains 
5  mg.  of  extract  of  opium  and  1  eg.  of  extract  of  lactucarium  in 
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20  graius  of  8\Tup,  These  various  sj-rups  are  often  mixed  with 
sjTup  of  belladonna  and  cherry-laurel  water. 

Even  when  coughing  serves  expectoration,  it  may  be  combated 
by  the  various  therapeutic  procedures  above  indicated.  For, 
altliougli  it  is  useful,  it  sometimes  is  so  troublesome  as  to  disturl) 
the  rest  of  the  patient  and,  therefore,  must  be  moderated,  hi  this 
case,  however,  it  is  advisable  to  abstain  from  opium  preparationa 
and  resort  to  expectorants.  Emetics  are  at  times  prescribed  for 
thi-s  purpose.  Tliis  medication,  which  renders  appreciable  service, 
is  generally  well  borne  by  children.  The  child  being  incapable  of 
expectorating,  the  spasmodic  shaking  of  the  cough  exercises  a  sort 
of  massage  of  the  lung,  and  thus  ser\'e8  for  expectoration  of  the 
exudates  encumbering  the  respiratorj'  passages.  Ipecac,  howevCT, 
which  is  the  only  emetic  available,  should  not  be  administered  except 
when  infection  is  of  moderate  severity  and  the  child  vigorous; 
otherwise  it  may  cause  depression  and  collapse.  On  the  other  hand, 
an  emetic  is  seldom  indicated  in  adults,  and  should  never  be  pre- 
scribed for  those  above  forty  years  of  age.  If  bronchial  secretions 
are  profuse  or  the  congestive  phenomena  intense,  ipecac  is  employed 
in  fractional  doses.  For  this  purpose  Dover's  powder  may  also  be 
employed.  The  preparations  of  antimony  are  hkewise  regarded  Bs 
expectorants.  Ammonium  salts  are  also  useful  in  this  connection. 
Tlie  Germans  frequently  prescribe  hydrochlorate  of  ammonia.  In 
France  the  acetate  of  ammonia  is  mostly  used  in  doses  of  from 
2  to  4  grams  daily.  It  is  usually  associated  with  20  or  30  grams 
of  syrup  of  ether.  In  cases  in  which  the  urine  is  very  albuminous, 
we  prefer  benzoate  of  soda  in  daily  doses  of  from  2  to  6  grams.  If 
after  the  fall  of  fever  the  thoracic  manifestations  persist,  balsamic 
preparations  may  be  resorted  to  and,  if  the  process  passes  to  a 
chronic  state,  sulphurous  medicines  may  be  employed.  Among 
balsamics  the  balsams  of  Tolu  and  terpin  are  most  frequently 
employed. 

These  general  rules  must  be  supplemented  by  a  few  special  indi- 
cations. When  there  is  tendency  toward  passive  congestion  the 
l^atient  must  be  instructed  to  lie  down  in  a  certain  maimer.  If 
possible,  he  should  sit  in  an  arm  chair  or  in  his  bed.  He  must  at 
least  avoid  keeping  the  same  position.  He  should  lie  down  on  one 
side,  sometimes  on  the  left,  sometimes  on  the  right.  The  blood 
circulation  is  to  be  modified  by  means  of  revulsives  and  rejjeated 
cupping.     Certain  medicines  may  likewise  serve  to  regulate  the 
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circulation.  Some  of  them  act  directly  upon  the  pulmonary  blood- 
vessels, others  exert  an  indirect  action  through  the  heart.  Among 
the  former,  ergotin  may  especially  be  mentioned ;  among  the  latter 
digitalis,  caffein,  and  strophanthus.  Moreover,  if  asphyxia  occurs, 
inhalation  of  oxj-gen  is  useful,  and  in  case  of  need,  scarified  cupping 
or  a  general  blood-letting  may  be  practised  if  the  patient  is  a  vigorous 
subject. 

When  putrid  fermentations  are  produced  in  the  bronchial  exudates, 
recourse  is  to  be  had  to  substances  which,  being  eliminated  by  the 
respiratory  passages,  may  exert  an  antiseptic  action  thereon.  For 
this  purpose  tincture  of  eucalyptus  is  generally  given  in  doses  of 
2  grams,  and  subcutaneous  injections  of  eucalyptol:  5  to  10  c.cm. 
of  a  sfilution  in  oil  (in  the  proportion  of  2  or  3  per  cent.)  are  injected. 
Finally,  hyposulphite  of  soda  also  exercises  an  appreciable  action 
upon  the  bronchial  secretions:  from  4  to  6  grams  of  it  are  given 
dwly.  All  these  medications  produce  no  well-marked  effect  upon 
the  putrefactions  of  the  respiratory  apparatus.  They  seem,  however, 
to  act  more  effectually  than  inhalations  of  medicinal  substances, 
such  as  turpentine  and  eucalyptus.  When  a  well-localized  focus  is 
found  in  the  lung,  one  is  always  irresistibly  tempted  to  apply  to  it 
some  local  medicine.  Attempts  have  been  numerous,  but  without 
encouraging  results.  Intrapulmonary  injections  expose  to  consider- 
able dangers;  hence,  they  have  been  almost  entirely  abandoned. 
Tfie  best  intervention  is  evidently  hicision  and  drainage  of  the 
morbid  focus,  provided,  of  coiu-se,  that  the  lesion  is  circumscribed. 
There  is,  however,  no  chance  of  success  except  in  the  case  of  indi- 
viduals primarily  affected,  viz.,  in  those  who  are  sufficiently  robust. 
Even  then  the  operation  is  always  more  or  less  unsafe,  especially 
in  view  of  the  tlanger  from  secondary  hemorrhages,  which  are  of 
frequent  occurrence. 

Treatment  of  Disorders  of  the  Digestive  Apparatus.  Digestive 
disturbances  often  hinder  the  therapeutics  of  infectious  diseases. 
Vomiting  is  observed  at  the  start  of  a  great  niuntjer  of  infections. 
They  seem  to  be  dependent  upon  some  disorder  of  innervation.  In 
the  majority  of  cases  the  manifestation  is  transitory  and  requires 
no  treatment.  Should  vomiting  fatigue  the  patient  too  much  or 
last  too  long,  it  may  be  allayed  by  cold  applications  upon  tlie 
epigastric  region :  an  ice-bag  is  placed  or  etlier  is  sprayed  upon  the 
region.  At  the  same  time  the  patient  may  be  given  cold  and  slightly 
acidulated  beverages  to  drink;  or  a  small  quantity  of  cliampagne 
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with  a  little  Seltzer  water  may  be  given.  If  more  active  intervention 
is  necessary,  the  classical  potion  of  Rivifere*  is  prescribed.  The 
nature  of  such  vomitings  being  known,  however,  we  prefer  medicines 
which  soothe  the  reflex  sensitiveness  of  the  stomach:  chloroform- 
water  and  belladonna  seem  to  me  indicated.  We  prescribe  a  mixture 
of  100  grams  of  saturated  chloroform-water;  20  grams  of  syrup  of 
belladonna,  and  5  grams  of  cherry  laurel-water,  1  tablespoonful  to 
be  taken  every  hour  or  half  hour.  During  the  stationary  period 
vomiting  depends  either  upon  defective  secretion  or  a  gastric  local- 
ization, or  else  upon  some  complication. 

We  often  see  patients  who,  under  normal  conditions,  take  milk 
with  pleasure  and  digest  it  well,  while  in  the  course  of  infections 
they  can  no  longer  bear  it;  they  vomit  it  in  the  form  of  large  curds 
shortly  after  they  have  taken  it.  In  this  case  milk  may  be  mixed 
\^dth  some  alkali,  such  as  Vichy,  Vals  water,  and,  especially  when 
there  is  diarrhea,  lime-water.  Should  this  prove  insufficient,  the 
digestion  must  be  assisted  by  pancreatin.  This  may  be  given  in 
the  form  of  pills  after  each  cup  of  milk,  or  20  to  30  q%.  of  it  may 
be  added  to  the  milk  at  the  time  of  administration.  Another  method 
consists  in  giving  a  small  amount  of  beer  yeast,  which  facilitates 
considerably  the  digestion  of  milk.^ 

It  should  not  be  overlooked  that  vomiting  is  often  due  to  medicines 
prescribed.  Hence,  in  many  cases,  discontinuance  of  a  potion  suffices 
to  rcH^stablish  the  digestive  functions.  In  this  regard  alcohol  and 
cinchona,  which  are  so  often  abused,  have  an  unfavorable  influence 
which  should  be  remembered.  AMien  vomiting  results  from  gastric 
localization,  more  active  therapeutics  must  be  employed.  If  the 
question  is  one  of  simple  catarrh,  lavage  of  the  stomach  will  reniler 
service.  If  it  is  due  to  ulcer,  for  example,  it  is  exi)ressed  by  vomiting 
of  san^iinolent  matters,  and  the  stomach  must  be  given  absolute 
rest.  No  nourishment  or  beverages  should  be  given  by  the  mouth: 
nutritive  enemas  and  hypodermic  injections  of  salt-water  must  l>e 
given.  Ice  is  to  be  appUed  upon  the  hypogastric  region,  and  opium 
given  either  in  the  form  of  pills  of  extract  of  opium,  of  which  1  eg. 
mav  be  administered  everv  hour,  or  in  the  form  of  subcutaneous 
injections  of  morphine.    The  latter  method  has  the  advantage  of 

'  "Potion  tlo  Hivi^H'"  has  the  following  composition:  potassium  bicarbonat*^.  4  pram?. 
>inipli'  >yrup.  'M)  grams;  water.  100  grams. — Translator. 

2  Mntzoon  or  zoohik  is  very  often  used  in  America  as  a  substitute  for  milk  wlu  n  the 
latter  is  not  wt»ll  home. — Translator. 
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acting  more  promptly.  Moreover,  hemorrhages  may  be  arrested  by 
oaking  a  sort  of  gastric  dressing  by  means  of  subnitrate  of  bismuth ; 
t  large  dose  of  the  latter  should  be  prescribed ;  15  and  even  20  grams 
vould  not  be  too  much.  Vomiting  due  to  complications  requires 
lo  special  therapeutics.  It  is  dependent  upon  nephritis,  meningitis, 
jerforation  of  the  intestine,  and  sometimes  to  inflammation  of  the 
iiaphragmatic  pleura.  If,  however,  it  becomes  alarming,  the  vomit- 
ng  may  be  combated  by  the  various  methods  already  referred  to, 
md  which  are  to  be  modified  according  to  circumstances.  For 
jQstance,  opium  may  be  given  in  case  of  peritonitis,  while  this  drug 
is  to  be  avoided  when  there  is  uremia. 

Finally,  at  the  moment  of  convalescence,  persistent  vomiting  was 
formerly  observed  when  the  patient  was  first  given  nourishment. 
At  present,  however,  the  method  of  absolute  diet  having  been 
abandoned,  nothing  of  the  kind  is  any  longer  encoimtered.  The 
vomiting  of  convalescence  is  due  to  some  complication  or  to  hysteria. 
In  the  latter  instance,  it  rapidly  yields  to  the  usual  procedures. 
Finally,  in  consequence  of  diphtheria,  vomiting  may  depend  upon 
gastric  paralysis.  It  then  occurs  in  the  form  of  regurgitations.  In 
this  case  lavage  may  cause  death.  The  introduction  of  a  considerable 
amount  of  fluid  into  the  stomach  has  at  times  been  followed  by  the 
rejection  of  matters  which  have  passed  into  the  respiratory  tract. 
The  patients  should,  therefore,  be  given  small  quantities  of  food, 
preferably  concentrated  aliments  like  thick  bouillon.  Coincidently, 
the  treatment  of  paralysis  is  to  be  instituted,  strychnine  given  if 
the  urine  does  not  contain  albumin,  and  electricity  employed. 

In  the  course  of  infections  the  intestine  is  disturbed  more  than 
the  stomach.  Two  morbid  manifestations  are  especially  important: 
constipation  and  diarrhea.  For  the  treatment  of  constipation 
preference  should  be  given  to  intestinal  lavage.  If,  at  the  same 
time,  hyperthermia  is  present,  cold  enemas  may  be  prescribed,  which 
have  the  advantage  of  abstracting  heat.  In  many  cases  it  is  well 
to  give  an  enema  morning  and  evening.  The  patient  may  even  be 
instructed  to  retain  the  evening  enema.  This  procediu-e  has  the 
advantage  of  allowing  the  water  to  penetrate  the  organism  and,  at 
the  same  time,  softening  the  fecal  matters,  which  may  more  readily 
be  evacuated  by  the  enema  of  the  following  morning. 

We  cannot  dwell  upon  the  indications  of  the  various  kinds  of 
enemas  or  upon  the  conditions  in  which  purgatives  are  to  be 
preferred.    There  are  special  rules  for  each  infection.    It  is  well, 
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however,  to  lemaoiber  that  a  good  many  phyaiciaiis  dread  purgathres 
in  the  course  of  eruptive  fevers  and  erysipelas.  In  fact,  it  is  better 
to  prescribe  enemas  (xr  lavage  througji  a  tube.  Jf  their  action  k 
found  insuflSdaiti  a  very  mild  purgative  may  be  given.  In  tfak 
connection  castor  oil  gives  salasfaetory  results. 

CSoDstqiation  may  be  accompanied  by  intestinal  pareos  ezprased 
by  tympanites.  In  Ihis  case  very  hot  or  very  cold  i^plicalaooB 
Aould  be  made  to  the  abdcnnen.  lliere  may  at  the  same  time  be 
introduced  into  the  rectum  a  catheter,  lAa^  soothes  the  patient 
ccmsiderably  by  facilitating  the  expulsion  of  gases.  Gonst^patkm 
diould  not  alwa3^  be  combated.  In  certain  abdominal  lecdons,  in 
tyjdioid  ^ppeodicitis,  and  in  peritonitis  it  is  a  sort  of  salutary 
reactiony  and  is  due  to  intestinal  immobility  ^i^ch  prev^its  exten- 
sion of  the  lesions.  Here  an  important  problem  faces  us:  we  murt 
dther  immediately  intervene  and  extirpate  (nt  open  the  moiUd 
focus  by  a  surgical  operatiouy  or  dse  follow  an  expectant  ooune, 
and  therefore  respect  the  constipation,  and  at  times  even  increase 
it  by  means  of  opium. 

I>umiiea  is  sometimes  to  be  reepected  and  even  favored  by  means 
of  purgatives.  Sometimes  it  must  be  diecked.  llie  treatment  is 
to  be  guided  by  an  accurate  diagnosis.  In  typhoid  fever  the  employ- 
ment of  purgatives  is  of  service,  especially  at  the  beginning  and  at 
the  end  of  the  disease.  At  the  beginning  calomel  may  be  given; 
at  the  end,  when  diarrhea  persists,  or  when  it  occurs  at  the  beginning 
of  convalescence,  attended  by  some  febrile  movement,  a  saline 
purgative  produces  excellent  effects.  The  action  of  purgatives 
during  the  stationary  period  is  more  contestable.  They  are  said  to 
increase  meteorism  and  favor  perforations.  I  believe  this  opinion 
not  to  be  well  founded,  and  think  that  in  most  cases  a  saline  pur- 
gative may  be  prescribed  every  five  or  six  days.  Moreover,  this  is 
an  excellent  means  of  accomplishing  intestinal  antisepsis.  For  the 
same  reason  a  purgative  also  succeeds  in  the  majority  of  infectious 
diarrheas.  \\Tien,  however,  the  general  state  of  the  patient  is  grave 
and  the  alvine  evacuations  are  abundant,  giving  rise  to  cold,  spasms, 
and  cyanosis,  I  believe  it  is  better  to  employ  antidiarrheal  substances, 
such  as  subnitrate  of  bismuth.  This  is  given  by  the  mouth  in  doses 
of  from  4  to  6  grams,  and,  if  necessary,  from  10  to  20  grams  may 
be  introduced  into  the  intestine  through  a  tube.  This  furnishes  a 
dressing  comparable  to  that  practised  for  the  stomach.  Bismuth 
is  generally  associated  with  some  insoluble  antiseptic,  and  the  treat- 
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ment  is  completed  by  the  administration  of  milk  mixed  with  lime- 
water,  rice,  and  some  stimulants,  such  as  tea  with  rum,  and  ether, 
to  which  injections  of  camphorated  oil  may  be  added  in  grave  cases. 

Whether  purgatives  or  constipating  medicines  are  resorted  to,  it 
is  alwaj^  advisable  at  the  same  time  to  utilize  enemas  and  still 
better  profuse  intestinal  irrigations  with  boiled  salt-water  or  anti- 
septic substances.  The  putrefied  substances  and  microbes  are  thus 
mechanically  thrown  out. 

Gastrointestinal  disturbances  readily  involve  the  liver.  In  most 
cases  it  will  suffice  to  continue  the  general  treatment.  Profuse 
intestinal  irrigations  with  cold  water  at  53.5°  or  59°  F.  (12°  or  15°  C), 
as  well  as  an  absolute  milk  diet  and  cold  baths,  are  particularly 
to  be  insisted  upon.  As  a  more  special  medicine  we  may  cite  calomel ; 
a  small  dose  of  1  or  2  eg.  given  every  morning  produces  satisfactory 
results.  The  special  action  of  ether  upon  the  liver  has  already  been 
explained.  Let  us  add  the  r61e  of  salicylic  acid  and  its  derivatives, 
notably  salol.  This  medicine  has  the  triple  advantage  of  being 
cholagogue,  of  decreasing  the  pain  produced  by  inflammation  of 
the  biliary  passages  and  of  realizing  a  relative  antisepsis  in  these 
passages.  In  cases  of  renal  lesions  the  salicylates  are  not  well  borne. 
Hence,  benzoate  of  soda  should  be  substituted  therefor. 

Treatment  of  Eenal  Disorders.  Alterations  of  the  kidney  in  the 
course  of  infections  often  embarrass  therapeutics  by  contraindicating 
the  employment  of  certain  active  medicines.  These  lesions  may  be 
treated  by  revulsion  at  the  beginning,  or  by  dry  or  scarified  cupping 
applied  to  the  lumbar  region.  If  hematuria  appears,  ergotin  or, 
still  better,  calcium  chloride,  is  given.  Then  the  oxidizing  method 
is  resorted  to;  from  2  to  6  grams  of  benzoate  of  soda  are  prescribed. 
It  is  understood  that  the  patient  is  to  be  put  on  an  absolute  milk 
diet.  In  many  cases  satisfactory  results  will  be  obtained  by  dimin- 
ishing the  formation  of  autogenic  poisons  by  means  of  antisepsis  and 
profuse  irrigation  of  the  intestine. 

Albuminuria,  which  sets  in  during  convalescence,  is  to  be  treated 
as  during  the  stationary  period.  \\Tien  it  becomes  chronic  the 
milk  diet  cannot  be  prolonged  indefinitely.  \\Tiile  some  patients 
bear  it  well,  others  experience  marked  disgust  and  vomit  the  milk 
every  time  they  take  it. 

The  diet  must  then  be  modified.  Coffee  or  rice  may  be  added  to 
milk,  some  vegetables,  eggs,  and,  if  desirable,  white  meat  may  be 
permitted.    Instead  of  bread,  dry  toast  should  be  given.    In  general. 


hiretic8  are  useless.    If  any  are  to  be  used,  theobromin  ehould  I 

scribed.    It  is  better  to  favor  diuresis  indirectly  by  cold  enema 

nts,  and  espeeially  benzoale  of  soda.    In  certain  case*  taimii 

if  it  is  well  borne  by  the  stomach,  proves  Ber\'iceable.    Sliongi 

ledicines  seem  to  be  contraindicated.     In  a  case  of  albuminuri 

«       i  slow  course,  consecutive  to  scarlet  fever,  the  author  prescribe 

ne  drop  of  tincture  of  cantharides.     This  little  dose  sufficed,  bo* 

jver,  to  produce  hematuria  and  aggravate  the  previous  syniptons. 


CHAPTEE    XXIV. 
HYGIENE  AND  PROPHYLAXIS  OF  INFECTIOUS  DISEASES. 

Individual  Hygiene.  Isolation  of  the  Patient.  Precautions  to  be  Taken  by  Those 
Waiting  upon  the  Patient.  Hygiene  of  the  Sick-room.  Disinfection  of  the  Bedding 
and  Linen.  Sterilization  and  Destruction  of  Secretions,  Excretions,  and  Squamata 
Cleanliness.  Alimentation.  Beverages.  Hygiene  of  Convalescents.  Social  Hy- 
giene. Quarantine.  Isolation  Hospitals.  Transfer  of  Contagious  Cases.  Declara- 
tion of  Contagious  Diseases.  Municipal  Service  of  Disinfection.  Vaccination. 
Variolization.  Syphilization.  Vaccine.  Personal  Statistics  Showing  the  Influence 
of  Vaccine  upon  the  Course  of  Variola.  Vaccination  by  Means  of  Attenuated 
Viruses.  Anthrax  Vaccine.  Vaccination  against  Hydrophobia.  Vaccination  by 
Means  of  Sterilized  Cultures.  Attempts  at  Inmiunization  against  Cholera  and 
Typhoid  Fever.  Prophylactic  Injections  of  Serum.  Application  of  the  Serum 
Method  to  the  Prophylaxis  of  Diphtheria,  Puerperal  Fever,  Tetanus,  and  Bubonic 
Plague.    Conclusions. 

Individual  Hygiene. 

Hygiene  of  the  Sick  Room.  The  therapeutics  of  infectious  dis- 
eases, notwithstanding  its  considerable  interest,  is  perhaps  less  impor- 
tant than  the  hygienic  measures  which  must  be  observed  with  refer- 
ence to  the  patient  and  those  surroimding  him. 

In  the  case  of  a  contagious  disease,  perfect  isolation  of  the  patient 
is  the  first  requirement  to  be  met.  To  this  end  it  is  necessary  to 
have  two  rooms  at  one's  disposal,  one  in  which  the  patient  will  lie; 
another,  contiguous  thereto,  which  will  serve  for  disinfection  of  per- 
sons who  have  approached  the  patient  and  the  objects  which  have 
come  in  contact  with  him.  In  certain  instances  it  is  preferable  to 
have  a  suite  of  three  rooms,  two  of  which  will  serve  the  patient,  one 
during  the  day,  the  other  during  the  night.  The  number  of  persons 
charged  with  the  care  of  the  patient  should  be  at  least  two,  and  it 
is  indispensable  that  these  persons  should  have  no  other  occupation 
and  fulfil  with  accuracy  the  prophylactic  measures  indicated  to  them. 

Before  entering  the  room  of  the  patient  the  visitor  should  put  on 
a  blouse,  and  it  is  well  to  protect  the  hair  by  means  of  a  cap,  and  to 
change  the  shoes.  If  the  last-named  precaution  is  not  taken,  it  will 
be  necessary  to  spread  in  the  disinfection  room  a  crash  of  several 
thicknesses,  which  has  been  sprinkled  with  a  2 :  1000  solution  of 
corrosive  sublimate,  on  which  the  shoes  should  be  rubbed  on  passing 
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out  of  the  patient's  room.   Then  the  face  and  hands  should  be  washed 
with  a  1 :  2000  solution  of  corrosive  sublimate  or  1 :  1000  solution  of 
oxy cyanide  of  mercury;  if  the  person  wears  a  beard  it  is  indispen- 
sable to  cleanse  it  well  with  the  same  fluids.    Persons  waiting  upon 
the  patient  should  never  eat  or  drink  in  his  room.    The  meals  should 
be  taken  in  another  room  after  having  changed  the  clothing  and 
disinfected  the  hands  and  face.    They  should  not  carry  their  hands 
to  their  face  without  being  disinfected,  and  the  handkerchiefs  which 
they  may  have  to  use  in  the  patient's  room  should  not  be  used  out- 
side.   It  is  also  indispensable  for  a  parent  to  abandon  the  unwise 
habit  of  kissing  the  patient:  they  should  avoid  every  unnecessary 
contact  with  the  patient. 

The  sick  room  should  be  large  and  well  ventilated,  with  southern 
or  eastern  exposure.  The  windows  should  be  furnished  with  Veneti^ui 
blinds,  which  are  to  be  kept  closed  in  certain  infectious  diseases,  such 
as  measles,  variola,  and  sometimes  erysipelas.  The  red  glasses  advo- 
cated by  Finsen  for  the  treatment  of  variola,  and  at  times  employed 
in  measles,  do  not  seem  to  be  useful.  Red  Ught  often  exerts  a  too 
intense  excitation  upon  the  nervous  system,  while  green  light  seems 
to  be  better  borne.  The  hangings  of  the  room  should  be  removed, 
as  well  as  all  useless  objects  and  curtains.  The  bed  of  the  patient 
should  be  placed  in  the  middle  of  the  room,  or  at  least  far  from  the 
walls,  so  as  to  be  approached  from  any  side.  Tliere  should  be,  espe- 
cially in  cases  of  obese  i)atients,  some  contrivance  designed  to  enable 
the  nurses  to  raise  the  j:)atient  easily  for  cleansing  without  tiring 
him.  If  the  skin  shows  a  tendency  to  develop  bed-sores,  the  bed- 
clothes should  be  sprinkled  with  talcum  or  cinchona  powder,  and 
pneumatic  rings  or  water  cushions  should  be  used. 

AVlien  possible  two  beds  should  be  placed,  with  a  bath-tub  between 
the  two.  When  the  patient  has  taken  a  bath  he  should  be  put  in 
the  second  bed  and,  while  he  is  resting  there,  the  other  bed  should 
be  aired  and  properly  arranged.  In  this  manner  after  each  bath  the 
patient  may  lie  down  hi  a  comfortable  bed.  The  physician  should 
pay  particular  attention  to  the  ventilation  of  the  room.  In  suniiiier 
the  windows  may  be  left  open  for  the  gi'eater  part  of  the  day.  During 
the  night  the  wmdow  of  the  adjoinhig  room  is  to  be  left  open,  and 
a  screen  should  be  i)laced  so  as  to  protect  the  patient  from  ihe 
draught  of  cold  air.  In  winter  the  ventilation  of  the  room  should 
be  assured  by  means  of  an  open  fireplace,  where  a  fire  shouUl  be  ke|)t 
up  night  and  day.     For  ventilating  the  room   the  window  of  the 
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adjoining  room  should  be  opened.  If  it  Is  very  cold,  the  latter  room 
must  also  be  heated;  while  the  window  is  open  the  door  between  the 
two  rooms  should  be  kept  closed.  The  temperature  of  the  sick-room 
should  not  be  very  high;  it  should  be  kept  between  61°  and  64°  F. 
(16°  and  18°  C). 

ClauiBiiiE  and  Disinfection  of  the  Boom  and  Objects;  Sterilisation  of 
Morbid  Products.  The  cleansing  uf  the  room  should  not  be  nijule  by 
sweeping,  which  raises  dust,  but  by  means  of  a  mop  wet  with  a  solu- 
tion of  corrosive  sublimate. 

According  to  the  disease  treated,  the  patient  may  be  permitted  to 
rise  to  attentl  to  his  natural  wants,  or  the  bed-pan  may  be  employed. 
TliiB  measure  is  indispensable  in  typhoid  fever.  The  dejecta  must 
always  be  disinfected  before  they  are  disposed  of.  A  2: 1000  solu- 
tion of  corrosive  sublimate,  or  a  50: 1000  solution  of  copper  sulphate, 
or  lime-water,  should  be  poured  into  the  bed-pan.  The  urine  should 
be  collected  in  the  adjoining  room,  and  after  the  amount  voided  in 
twenty-four  hours  is  measured,  it  should  be  disposed  of.  In  certain 
cases,  however,  it  is  advisable  to  disinfect  the  urine.  The  urine  in 
hemorrhagic  variola  and  that  of  typhoid  patients,  when  they  (contain 
albumin  and  the  germs  of  the  disease,  are  so  to  be  treated.  The 
various  discharges  and  secretions  are  to  be  taken  upon  absorbent 
cotton  and  thrown  into  the  fire.  The  sputa  must  be  disinfected  by 
means  of  antiseptics  or  boiling.  If  there  is  desquamation,  the 
squamata  that  fall  in  the  bed-clothes  should  be  burned.  If  any  should 
fall  on  the  floor,  they  should  be  picked  up  by  means  of  a  wet  cloth. 
The  patient  should  have  exclusively  his  own  eating  utensils.  These 
should  be  cleansed  in  the  adjoining  room,  first  plunging  them  into 
boiling  water.  The  instruments  serving  for  the  usual  explorations, 
such  as  the  tongue  depressor  or  the  spoon  substituted  for  it  in 
examining  the  throat,  should  also  be  sterilized.  In  our  wards  we  em- 
ploy glass  tongue  depressors,  which  are  very  easily  sterilized.  Of 
course,  the  various  canulas,  catheters,  as  well  as  thermometers, 
should  also  be  disinfected.  It  is  advisable  Ui  inmierse  all  the  linen 
of  the  patient  in  an  antiseptic  fluid,  thus  preveiiting  the  possible 
dissemination  of  dried  products  and  squamata  mitil  they  are  sent 
away  for  disinfection.     A  solution  of  lysol  serves  this  purpose  well. 

During  the  course  of  the  disease,  and  especially  during  convales- 
cence, the  patient  often  asks  to  write.  If  his  desire  is  to  be  complied 
with,  the  paper  should  be  sterilized  by  means  of  sulphur  or  formol 
vapor.     When  he  begins  to  get  up  he  must  put  on  clothing  which 
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ay  be  !cted  afterward.    Finally,  after  a  certain  period  of  time 

iri  may  be  permitted  to  resume  his  ordinary  occupation.  It  is  diffi- 
It  to  determine  at  what  moinent  a  convalescent  individual  is  no 
(iger  contagious.  'Hie  period  of  isolation  has  been  fixed  at  sixteen  | 
lys  in  measles,  varicella,  and  mumpa,  and  at  forty  days  in  scarlet 
'er  and  variola.  Tliese  averages  are  acceptable.  The  author 
dieves,  however,  that  the  quarantine  in  cases  of  measles  may,  with- 
t  any  inconvenience,  be  reduced.  For  varicella  and  variola,  isola- 
lon  may  be  abridged  in  mild  cases,  when  there  are  only  a  few  eruptive 
ements  and  the  desquamation  is  complete.  On  the  other  haiid, 
ter  a  confluent  variola  persist  at  the  end  of  forty  day?, 

ue  danger  of  contagion  has  not  j        iaappeared,  and  isolation  must, 
tierefore,  be  prolonged. 

In  caae  of  diphtheria,  cultivation  is  often  resorted  to ;  as  long  as 

loeffler's  bacillus  is  found  isolation  is  to  be  maintained.     If  at  the 

nd  of  three  weeks  the  microbe  has  disappeared,  an  inoculation  into 

J  guinea-pig  is  advisable.    These  precepts  are  perhaps  good,  but 

jy  have  the  great  inconvenience  of  not  being  sufficiently  practical, 

,e  may,  therefore,  be  contented  with  isolating  the  patient  for  three 

iv-eeks,  then  he  should  be  advised  to  practise  for  at  least  a  month, 

morning  and  evening,  cleansing  of  the  mouth  by  means  of  boiled 

water  to  which  thymol  is  added  in  the  proportion  of  1 :  1000. 

When  it  is  thought  that  the  patient  needs  no  longer  to  be  isolated, 
he  must  be  given  in  the  adjoining  room  a  last  antiseptic  bath  with 
corrosive  sublimate  or  naphtol.  If  possible,  his  hair  should  be  cut 
very  close;  at  all  events,  complete  cleansing  of  the  scalp  with  soap 
and  then  with  some  antiseptic  water  should  be  made,  this  to  be 
followed  by  rubbing  with  alcohol.  After  the  bath,  Hie  patient  should 
put  on  clean  clothing,  and  leave  definitely  the  rooms  in  which  he  has 
been  treated.  These  rooms  are  then  to  be  disinfected  by  means  of 
hot  corrosive  sublunate  solutions  or  vapors  of  sulphur  or  formal- 
dehyde. In  our  wards,  after  cleansing  with  corrosive  sublimate,  we 
bum  30  grams  of  sulphur  per  cubic  metre  of  space.  Tlie  locaUty  is 
kept  closed  for  twenty-four  hours.  Moreover,  all  objects  of  httle 
value  which  have  been  used  by  the  patient,  such  aa  toys  and  books, 
should  be  burned.  It  is  understood  that  domestic  animals  must  not 
be  allowed  to  enter  the  patient's  room,  for  their  hair  becomes  charged 
with  infective  products,  which  may  then  be  easily  disseminated. 

Hygiene  of  the  Sick.  During  the  course  of  infection  cleanliness 
of  the  patient  must  be  constantly  attended  to.    If  there  is  no  special 
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reason  for  the  emplojrmeiit  of  balneotherapy,  it  is  advisable,  as  a 
hygienic  measure,  to  give  the  patient  a  lukewarm  bath  of  fifteen  or 
twenty  minutes  every  day  or  every  other  day.  After  each  meal  the 
mouth  of  the  patient  must  be  cleansed.  After  each  injection  the 
urinary  organs  and  anus  should  be  cleansed.  Likewise,  the  mouth 
is  to  be  cleansed  every  morning  with  Vichy  water  or  borated  solution, 
the  teeth  brushed,  and  a  small  amoimt  of  mentholated  pomatum 
introduced  into  the  nostrils;  the  cutaneous  abrasions  must  be  dressed 
and,  in  case  of  desquamation,  a  little  vaselin  should  be  spread  upon 
the  skin.  It  is  also  very  useful  to  prescribe  daily  one  or  two  enemas 
in  order  to  cleanse  the  lower  portion  of  the  intestine.  A  little  pre- 
caution which  should  not  be  overlooked  at  the  beginning  of  infectious 
diseases  is  to  remove  the  jewels,  rings,  and  ear-rings  of  the  patient. 
In  case  of  erysipelas,  ear-rings  may  give  rise  to  a  sphacelus  in  the 
inflamed  lobe.  In  several  cases  the  author  has  seen  the  fingers 
swollen  under  the  influence  of  the  variola  eruption  and  so  strangu- 
lated by  rings  that  the  cutting  of  those  ornaments  became  a  diffi- 
cult matter. 

Alimentation.  As  has  already  been  stated,  patients  must  be  fed 
during  infections.  As  a  general  rule,  they  should  be  given  milk, 
bouillon,  and  a  certain  amount  of  beverage,  but  care  should  be  taken 
to  give  a  very  small  amount  of  liquid  each  time.  The  best  practise 
is  to  give  a  glass  or  a  glass  and  a  half  of  milk  every  hour.  Vichy, 
lime-water,  or  pancreatin  may  be  added  to  the  milk.  If  this  nourish- 
ment is  not  kindly  borne,  a  little  beer-yeast  may  be  given,  or  the 
milk  may  be  replaced  by  some  other  substitute.  (See  footnote, 
page  832.)  The  amount  of  milk  varies  according  to  the  case:  it  may 
be  said  to  be  for  an  adult  two  quarts  (two  litres)  a  day.  In  cases 
of  scarlatina  milk  must  be  the  only  aliment;  no  bouillon  is  to  be 
permitted,  but  some  beverages  sweetened  with  syrup  of  currant  or 
pomegranate,  or  sweet  barley-water.  The  milk  diet  being  absolute, 
three  quarts  of  it  must  be  given  daily  for  twenty  days.  At  the  end 
of  this  time  if  the  urine  contains  no  albumin  a  more  substantial 
alimentation  may  be  resumed,  such  as  bouillon,  rice,  creams  of  vege- 
tables, eggs,  and,  four  or  five  days  after,  even  meat  may  be  given. 
Should  some  albumin  appear  in  the  urine,  the  absolute  milk  diet 
should  again  be  instituted,  which  is  to  be  discontinued  eight  or  ten 
days  after  the  disappearance  of  albuminuria. 

In  most  other  diseases,  including  typhoid  fever,  two  quarts  (two 
litres)  of  milk  and  one  quart  (one  litre)  of  bouillon  are  generally 
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given.  Dr.  Robin  also  prescribed  beef-tea  prepared  by  heatmc  small 
pieces  of  meat  with  one  quart  (one  litre)  of  bouillon  in  a  double 
boiler.  In  order  not  to  coagulate  the  albumins,  care  is  to  be  taken 
not  to  raise  the  temperature  above  140°  F.  (60°  C.}.  Bouillon  has 
the  advantage  of  acting  as  a  peptogen  and,  at  the  same  tinie,  iutto- 
ducing  into  the  organism  salts  to  compensate  for  the  loss  of  mineral 
matters.  The  amount  of  salts  is  from  eight  to  ten  grams  in  a  litre 
(1000  c.cm.).  Vegetable  infusions  may  likewise  be  utilized.  A  veri' 
good  preparation  consists  in  mixing  one  jiart  of  barley-water  mtli 
two  of  milk;  this  is  preferably  sweetened  with  honey.  This  mixture 
is  often  very  well  borne  by  those  who  do  not  like  milk,  ^\^]en,  how- 
ever, the  repugnance  for  milk,  experienced  by  some  patients,  caiumt 
be  overcome,  one  is  compelled  to  resort  to  some  other  alimentation. 
Bouillon  and  also  bouillon  witli  an  egg  added  to  it  (lait  de  poulf). 
It  is  well  to  complete  the  diet  by  a  small  amount  of  alcoliohc  bever- 
ages: according  to  the  case,  vinous  lemonades,  Malaga  or  Bagnok 
wine,  and  Todd's  potion.  Coffee  may  also  be  permitted  in  the  pro- 
portion of  10  grams  for  200  grams  of  water. 

The  diet  above  indicated  has  not  seemed  sufficient  to  certmn  physi- 
cians who  at  present  nourish  tlieir  patients  aubstantially.  Aa  a 
matter  of  fact,  three  or  four  quarts  (three  to  four  htres)  of  milk  must 
be  given  in  order  to  meet  the  wants  of  the  economy.  So  great  a 
quantity  is  too  much  for  some  patients  to  bear.  Moreover,  milk 
contains  an  inadequate  proportion  of  albumin  and  carbohydrates, 
and  an  excess  of  fat.  It  is  necessary  to  increase  the  administration 
of  nitrogenous  aliments.  This  is  what  was  done  by  the  addition  of 
bouillon.  At  present  several  Russian  physicians  go  farther.  Dr.  Va- 
quez,  who  has  tried  the  new  method  in  typhoid  fever,  advises  a  cup 
of  milk  every  other  hour  only;  at  8  a.m.  he  gives,  instead  of  milk, 
caf6  au  lait  or  a  soup  with  milk,  and  some  flour  or  rice.  At  noon 
and  at  6  p.m.  milk  is  replaced  by  a  meal  composed  of  some  soup  or 
a  bouillon  containing  the  yolk  of  an  egg  and  a  small  cup  of  mest 
jelly,  or  fresh  meat  juice.  At  the  end  of  the  disease,  raw  meat, 
preferably  chopped  mutton,  is  given.  Two  or  three  days  after  the 
fall  of  the  fever,  creams  of  vegetables  are  given,  and  toward  the 
eighth  day  eggs,  dry  toai^t,  and  stewed  fruits  are  allowed. 

By  thus  nourishing  the  patient,  we  succeed  in  preventing  adynamic 
manifestations  and  abridging  considerably  the  period  of  convales- 
cence. Intestinal  disturbances,  perforations,  hemorrhages,  and  con- 
sequent relapses  were  feared;  according  to  published  observations, 
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however,  this  apprehension  ia  not  well  founded.  The  feeding  having 
been  continued  during  the  entire  course  of  the  disease,  its  increase 
St  the  time  of  convalescence  gives  rise  to  no  disorder.    On  the  con- 

Itrary,  it  is  known  how  frequent  are  relapses  in  those  cases  which  are 
Bubjected  to  milk  diet,  when  the  patients  are  too  soon  permitted  to 
take  substantial  food. 
Barring  the  case  of  typhoid  fever,  the  author  thinks  that  in  all 
oliier  infections  except  scarlatina  a  sufficiently  plentiful  and  varied 
'alimentation  may  be  allowed  without  any  fear.  Tlie  author  gives 
imilk,  bouillon,  eggs  with  soups  and  particularly  barley  and  rice  soup, 
.according  as  there  is  tendency  to  constipation  or  to  diarrhea.  Tins 
1  diet  seems  to  him  especially  important  iji  variola.  His  experiments 
I  demonstrated  that  abundant  alimentation  often  enables  animals  to 
resist  the  inoculation  of  variola.  In  some  cases,  however,  we  may 
have  some  difficulty  in  overcoming  the  resistance  of  patients  whose 
throats  are  covered  with  pustules  and  who  suffer  when  they  swallow 
food.  In  such  cases,  gargling  with  an  infusion  of  cocoa  leaves  should 
be  prescribed  or  the  throat  painted  with  a  cocaine  solution  before  each 
meal.  Should  these  methods  fail,  the  patient  should  be  fed  by  means 
of  a  tube  introduced  through  the  nose.  Should  albumin  appear  in 
the  urine  the  patient  should  be  put  on  milk  diet,  eggs,  and  rice.  The 
same  alimentation,  with  the  same  restrictions,  is  to  be  employed  in 
diphtheria.  During  convalescence  the  patient  should  be  given  more 
liberal  nourishment.  If  there  are  renal  comphcations  and  albumin 
in  the  urine,  the  diet  should  be  limited  to  milk,  coffee,  raw  eggs,  and 
rice,  a  small  amount  of  farmaceous  food  in  the  form  of  puree  and 
Btewed  fruits.  No  meat  is  given,  and  instead  of  bread,  dry  toast. 
If  paralysis  of  the  palate  develops,  notably  as  a  result  of  diphtheria, 
purees  are  the  aliments  most  readily  accepted  by  the  patient.  He 
must  be  advised  to  swallow  the  liquids  with  the  head  thrown  back, 
and  to  drink  very  slowly,  lying  on  his  back  so  as  to  cause  the  fluids 
to  flow  according  to  the  laws  of  gravitation. 

In  conjunction  with  the  aliments  a  certain  amount  of  beverages  is 
to  be  allowed.  The  thirst  experienced  by  the  patient  clearly  indicates 
■  that  his  organism  wants  water.  Slight  infusions,  sweetened,  should 
be  given.  Milk  not  being  sufKcientiy  rich  in  carbohydrates,  it  is  well 
to  put  sugar  in  the  beverages.  For  the  same  purpose  boiled  lemon- 
ades, vinous  lemonade,  and  some  Vichy  may  be  given  with  a  little 
syrup.  If  the  stomach  does  not  tolerate  fluids  well,  the  beverages 
should  be  replaced  by  enemas,  which  the  patient  must  retain.    In 
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mdi  eases  rabeutaneaus  mjeej&His  of  artifidal  sarum  yield  gratifying 
results. 

Ejifin»  el  CknifalMMBts.  During  eaimilesoeiioey  diet  k  to 
receive  q>eeial  attaitkm.  Nourishmoit  must  be  pfograsBmly  b- 
esreased  and  the  patieat  graduaUjr  aUoived  to  return  to  his  habits  in 
tilie  matter  of  eating,  but  the  digestive  functions  must  be  eaiefoOy 
Irotdied.  If  flatulenoe,  slow  digestion,  hypoehbiliydria  or  hyper- 
eblovhydria  ooeur, the  various  dbwical  tr 

beempbyed.  The  intestinal  functiim  also  requires  attention.  Exag- 
geration of  gastrcantestinal  putr^aotionSi  ecmstqmtion,  and  cBsRhei 
and  muoraiemhranous  aiteritis  are  not  rare  in  ocmseqiraioe  of  infee- 
tions.  At  all  events,  the  ocmvaleseent  must  be  msbrueted  to  est 
stowly  and  masticate  wdl,  and  take  at  least  four  meals  da%.  After 
each  meal  he  must  take  a  rest  for  an  hour,  either  sitting  or  knmgbig, 
and  a  little  more  covered  than  usual,  since  a  convalescent  is  more 
srasitive  to  cold  than  nottnal  subjects.  It  is,  therefore,  advisable  to 
1^  them  wanner  clothing  and  to  have  thdr  room  at  a  iii^ber 
temperature  than  usual.  The  room  must  be  wdl  ventilated:  i& 
summer  the  windows  diould  always  be  kept  opeti,  and  during  the 
ni|^t  those  of  the  adjoining  rootn.  Exerdse  must  be  moderate  and 
progressive.  It  will  be  useful  for  a  certain  length  of  time  to  continue 
to  take  the  rectal  temperature,  at  least  in  the  evening.  An  eleva- 
tion in  the  temperature  often  announces  that  alimentation  is  not 
well  borne  or  that  exercise  has  caused  too  much  fatigue.  When 
convalescence  is  well  established  it  is  desired,  whenever  possible,  to 
send  the  patient  to  a  summer  or  winter  resort,  according  to  the 
season. 

The  author  cannot  too  much  emphasize  the  necessity  of  devoting 
continued  attention  to  the  toilet.  A  convalescent  should  take 
slightly  tonic  sulphur  or  salted  baths.  He  must  rub  his  body  every 
morning  for  five  minutes  with  a  Turkish  towel  or  rough  flannel  wet 
with  some  alcoholic  preparation,  for  example,  lavender  brandy.  In 
order  to  be  able  to  judge  the  efficacy  of  these  measures,  it  is  advisable 
to  weigh  the  convalescent  once  a  week  and  examine  his  strength  by 
means  of  the  dynamometer.  If  the  functions  are  not  re-established 
with  gratifying  rapidity,  bitters  should  be  prescribed  in  case  of  ano- 
rexia, and  tonics,  such  as  lecithin,  in  case  of  weakness.  In  such  cases 
subcutaneous  injections  of  artificial  serum  are  also  practised.  Finally, 
the  alimentary  method  may  be  modified,  and  raw  meat,  for  instance, 
may  be  recommended. 
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Social  Hygiene. 

The  advice  above  presented  with  reference  to  the  hygienic  treat- 
ment and  isolation  of  patients  is  not  always  easy  of  application.  In 
order  to  isolate  a  contagious  case,  two  persons  should  be  assigned  to 
his  service  exclusively.  Among  the  poorer  classes,  when  several 
individuals  occupy  one  room,  isolation  is  impossible.  What  further 
aggravates  the  situation  is  that  patients  are  attended  by  parents, 
friends,  and  sometimes  the  janitor,  and  that  persons  thus  approach- 
ing the  patient  return  to  their  occupations  without  taking  any  anti- 
septic precautions.  Hence,  epidemics  ravage  the  crowded  sections 
of  cities  and  make  certain  tenement-houses  centres  of  infection. 

While  certam  laws  have  been  promulgated  for  preventing  the 
importation  of  epidemics  from  foreign  coimtries,  hardly  any  meas- 
ures have  been  taken  to  insure  isolation  of  contagious  patients  in 
domestic  epidemics.  The  only  progress  up  to  the  present  time  real- 
ized in  France  has  been  the  establishment  of  services  of  disinfection, 
of  vaccination  at  home,  and  of  transportation  of  contagious  patients 
in  special  vehicles  and  urban  ambulances.  It  is,  of  course,  out  of  the 
question  to  isolate  all  contagious  cases.  Only  those  individuals  who 
suffer  from  acute  infections  may  be  isolated  in  appropriate  institu- 
tions. When  the  question  is  one  of  chronic  infection,  such  as  tuber- 
culosis, other  measures  are  applicable.  A  fight  against  the  latter 
disease  has  been  imdertaken  with  gratifying  results.  The  public  is 
warned  by  means  of  placards  in  public  establishments,  surface  cars, 
wagons,  not  to  spit  upon  the  floors,  and  in  a  good  many  establish- 
ments hygienic  cuspidors  have  been  placed ;  public  lectures  and  popu- 
lar books  on  tuberculosis  have  been  published.  Moreover,  sanitariums 
and  rural  colonies  have  been  created.  There  are  already  more  than 
a  himdred  of  these  in  France  alone. 

Declaration  of  Oontagious  Diseases;  Disinfection  by  Officers  of 
the  Board  of  Health ;  Transportation  of  Patients.  Tlie  law  of  Novem- 
ber 30,  1892,  obliges  every  physician,  under  penalty  of  the  law,  to 
pay  a  fine  of  from  fifty  to  two  hundred  francs  to  declare  to  the  public 
authorities  the  cases  of  contagious  diseases  coming  imder  his  obser- 
vation in  the  course  of  his  practice.  The  present  list  includes  the 
following  twelve  diseases:  typhoid  fever,  typhus  fever,  variola  and 
varioloid,  scarlatina,  diphtheria,  sudor  anglicus,  cholera  and  choleri- 
form  maladies,  bubonic  plague,  yellow  fever,  dysentery,  puerperal 
infections,  and  ophthalmia  of  the  newborn.    Certain  milder  infec- 
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tions,  such  m  mumps,  varicella,  and  whooping-cough,  have  been  left 
out,  as  also  others  that  are  not  very  contagious,  such  as  erj^pelas, 
ot  are  contagious  for  a  short,  time  only,  such  as  measles.  It  woulii, 
however,  be  advisable  to  add  pneumonia  to  the  list. 

Uten  patients  ask  to  be  treated  outside  of  their  homes  they  are 
-ansported  in  particular  vehicles  and  their  residence  is  disinfected 
ifee  of  charge— these  are  gratifying  advances.  It  seems  to  the 
»wthor,  however,  that  it  is  high  time  to  take  serious  prophylactie 
leasures,  and  thus  complete  the  law  of  1892.  It  is  necessary  to 
letermine  in  wliat  diseases  isolation  shall  be  compulsory.  WTieu  the 
residence  of  the  patient  does  not  permit  isolation  under  sanitan.' 
Wecautions,  such  cases  should  be  transported  to  a  special  hospital 
t  is  also  necessary  to  determine  the  average  diu"ation  of  contagious- 
jcss  and  engage  the  civic  responsibility  of  every  individual  who 

aces  himself  in  a  position  to  liirectly  or  indirectly  contaminate 

s  fellow  dtiiois. 

Hu^,  there  remains  a  last  question.    There  is  a  fearful  disease 

{■inst  irtiidi  we  possess  an  infallible  prophylactic  means,  naoiek, 

iriols.  ■  The  measures  indicated  above  should  be  completed  by  a 

w  bearing  on  compulsory  vaccination.  We  are  thus  led  to  the 
study  of  a  question  which,  bom  a  sociological  standpoint,  is  of  jHime 
importance,  that  is  the  question  of  vaccination. 

VaccinatiODB.  The  term  vaccinia,  which  signifies  disease  of  the 
cow,  primarily  designated  an  eruptive  infection  afflicting  cows  and 
horses,  which  is  transmissible  to  various  animal  species  and  notably 
to  man,  confers  upon  the  latter  immunity  from  vaccinia  and 
variola.  Vaccination  is  the  inoculation  into  man,  with  a  prophy- 
lactic view,  of  the  disease  of  the  cow.  The  sense  of  the  term  has 
gradually  been  broadened  considerably,  and  to-day  under  the  name 
vaccination  are  included  the  various  methods  which  are  capable  ot 
conferring  immunity  against  a  future  infection  or  preventing  the 
development  of  a  disease  while  at  its  stage  of  incubation. 

At  present  we  are  acquainted  witii  a  number  of  methods  which 
enable  us  to  confer  immunity  and  thus  practise  preventive  medi- 
cation. For  the  convenience  of  description  the  principal  procedures 
advocated  may  be  grouped  under  six  classes: 

1.  We  may  inoculate  the  disease  against  which  we  wish  to  preserve 
the  individual.  This  method,  the  most  ancient  of  all,  has  been 
utilized  against  variola.  It  was  proposed  by  Auzias-Turenne  against 
syphilis.    It  is  still  employed  in  veterinary  medicine  for  protecting 
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animals  from  symptomatic  anthrax,  murr  (foot-and-mouth  diseasej. 
and  peripneumonia. 

2.  A  benign  disease  may  be  inoculated  to  preserve  the  individual 
from  a  grave  disease.  Such  is  the  case  with  vaccinia,  which  seems 
to  be  a  disease  different  from  variola  and  preserves  the  individual 
from  the  latter. 

In  the  two  preceding  cases  a  non-niodifiefl  virus  is  introduced 
into  the  organism. 

3.  Tlie  third  method  consists  in  inoculating  a  virus  which  has 
been  partially  freed  from  its  noxious  properties.  This  method  is 
often  designated  Pasteurian  vaccination.  It  is  employed  as  a  pro- 
phylactic in  aninials,  notably  against  anthrax,  and  with  a  thera- 
peutic view  in  man,  especially  against  hydrophobia. 

4.  Instead  of  inoculating  attenuated  although  still  living  microbes, 
the  products  secreted  by  bacteria  may  be  employed,  as  is  often  done 
in  laboratories.  Such  is  the  method  initiated  by  Ferran  against 
cholera,  and  which  Ls  utilized  by  HafFkin  against  bubonic  plague. 

5.  Having  remarked  the  analogy  existing  between  the  action  of 
certain  toxins  and  tliat  of  certain  substances  of  vegetable  origin, 
Peyraud  endeavored  to  learn  whether  some  poisons  of  a  more  or 
less  definite  chemical  character  could  not  preserve  from  infections. 
These  chemical  vaccinations  might  be  utilized  against  tetanus  and 
hydrophobia.  Strychnine  is  expected  to  confer  immunity  from  the 
former  of  these  two  infections,  and  the  essence  of  tansy  from  the 
latter, 

6.  Finally,  therapeutic  aenims  are  not  merely  curative ;  they  may 
l)e  utilized  as  preventives.  Antidiphtheritic,  antitetar.ic,  anti- 
streptococcic, anri  antibubonie  serums  have  been  employed  for  this 
purpose. 

Inunumiation  by  Heaas  ol  Strong  Viruses,  VariolIZATIOM  and 
Syphiliz.ation.  V'ariohzation  is  a  very  ancient  method  which  has 
come  to  us  from  China.  It  was  first  introduced  into  Persia,  thence 
into  Turkey,  in  1673,  by  E.  Timoni  and  J.  Pylarini.  In  1721  the 
wife  of  the  British  ambassador  in  Constantinople,  Lady  Montague, 
who  saw  the  fairly  satisfactory  results  obt^ned  by  this  procedure, 
brought  it  to  the  knowledge  of  her  friends  on  her  return  to  London. 
The  new  method  spread  quite  rapidly,  and  was  very  happily  modified 
by  two  Scotch  farmers,  Suttey  lirothers,  who  invented  subcutaneous 
inoculations.  Inoculation  of  the  variolar  virus  commonly  induces 
a  benign  disease.    It  is  not  difficult  to  comprehend  the  difference 
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ivfaieh  aqparataB  tiie  evoliiti0ii  of  tiie  inoeolated  dkease  from  tint 
of  tiie  qKmtaneous  malady.    In  tiie  caae  of  inoculation  the  patio- 
genie  agent  ia  introdueed  beneafli  the  skin— t.  e.,  into  a  reg^ftat 
ia  not  favorable  to  ita  devdc^Hnent:   Aa  a  matter  of  f aet,  the  qxHh 
taneouB  dtteaae  probably  residta  fitmi  inoculation  in 
I4[>paratu8.  Ihe  result  is  analogous  to  that  observed  ^en  the  iHra 
<rf  tuberculoeb  or  even  of  (ganders  k  introduced  beneath  Ihe  skm; 
the. infection  is  exhausted  in  loeal  symptomsy  and  with  diffieahy 
invades  the  ^itire  economy.   On  the  other  hand,  immnniaing  inoeu- 
latibn  ia  practised  upon  normal  individuals  ^diio  are  in  good  heatft 
and  in  nowise  predisposed  to  infection.    On  the  contrary,  ^ 
qKxntaneous  dttease  attacks  debilitated  individuals,  at  at  least  tfaoee 
^ose  reiEDstance  is  weakeiMd  by  a  series  of  predisposing  car  amdBaiy 
caium.   Variolixation,  however,  is  not  always  harmless;  Ihe  iooeo- 
lated  organism  may  be  found  in  sudi  conditions  of  predisposition  is 
to  favor  generalisation  of  the  infectbn,  which  may  then  assume  a 
serious  course,  and  at  times  terminate  fatalfy.   Moreover,  even  if  tl^ 
inoculated  individual  resists,  the  few  pustules  which  devd<^  mxj 
become  the  means  of  propagatbn  of  the  iofectbn,  and  thiu  c(»isi3^ 
a  danger  for  otiiers.    A  startmg  point  of  an  q>idemic  may  thus  be 
created. 

Although  variolisation  has  rendered  some  service,  it  must  be 
abandoned  at  present  and  give  way  to  vaccination.  Can  the  method 
be  applied  to  other  diseases?  We  have  above  alluded  to  syphilization. 
As  is  known,  Auzias-Turenne  endeavored,  in  1844,  to  accomplish 
with  regard  to  syphilis  what  was  done  for  smallpox.  At  that  time, 
however,  soft  chancre  was  not  differentiated  from  the  indurated 
variety.  The  virus  of  the  soft  chancre  was  inoculated.  Auzias- 
Turenne  injected  pus  and  repeated  the  inoculations.  There  came 
a  moment  when  at  least  a  relative  immunity  was  acquired :  the  soft 
chancre  no  longer  developed  or  appeared  imder  a  mild  form,  and  the 
author  believed  he  had  thus  conferred  immunity  against  syphilis. 
When,  in  the  Congress  of  1867,  it  was  pointed  out  to  him  that  he 
had  inoculated  a  virus  different  from  that  of  syphilis,  Auzias- 
Tm*enne  modified  his  theory.  On  the  ground  of  the  immunity 
conferred  by  vaccine  against  variola,  he  argued  that  the  virus  of 
soft  chancre  may  immunize  an  individual  or  cure  him.  Experiments 
failed  to  verify  this  conception.  Individuals  who  were  inoculateil 
a  great  number  of  times — 287  times  in  a  case  of  Danielssen — con- 
tracted the  indurated  chancre  when  the  syphilitic  virus  was  em- 
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ployed.  Sperino's  idea  of  combating  syphilis  by  means  of  repeated 
inoculations  with  the  virus  of  both  soft  and  indurated  chancres  has 
not  yielded  any  better  results.  The  method  was  therefore  aban- 
doned. Its  failure  should  not,  however,  lead  us  to  overlook  the 
fact  that  Auzias-Turenne  pursued  interesting  experiments  on 
animals  and  that  he  had  the  honesty  to  begin  upon  himself  the 
researches  which  he  wished  to  pursue  on  man;  finally,  although  he 
failed  from  a  practical  standpoint,  he  set  forth  some  interesting 
considerations,  and  seemed  to  have  a  foresight  of  exaltation  and 
attenuation  of  viruses. 

At  present  no  strong  viruses  are  inoculated  into  man,  but  they 
are  inoculated  into  animals.  This  is  the  principle  of  the  method 
employed  against  symptomatic  anthrax,  murr  (foot-and-mouth 
disease),  and  peripneumonia.  In  order  to  render  the  inoculation 
inofifensive,  it  is  practised  in  those  regions  of  the  body  in  which  a 
thick  cellular  tissue  ofifers  a  certain  resistance  to  the  multiplication 
of  the  pathogenic  agents. 

Antivariolar  Vaccination.  The  inconveniences  of  the  preceding 
methods  are  no  longer  found  in  the  case  of  vaccinia. 

It  had  long  been  known  in  certain  regions  of  England,  and  notably 
in  the  county  of  Gloucester,  that  individuals  breeding  cows  often 
presented  in  their  fingers  small  pustules  contracted  on  contact  with 
animals  afilicted  by  cowpox,  and  that  this  eruption  conferred  upon 
them  immunity  from  variola.  In  1768  Sutton  and  Fewster  drew 
attention  to  these  facts.  It  was  then  that  Jenner  conceived  the  idea 
of  practising  in  a  systematic  manner  and  \\ith  a  prophylactic  view 
the  inoculation  of  cowpox.  In  1798  he  published  the  result  of  his 
researches.  He  demonstrated  the  inoculability  of  cowpox  from  cow 
to  man,  and  its  transmission  from  man  to  man,  and  showed  that 
immunization  was  surely  conferred  by  the  inoculation  of  the  vaccine. 

The  interesting  question  w^as  then  and  still  is  asked:  What  are 
the  analogies  existing  between  vaccinia  and  variola?  It  is  certain 
that  clinically  the  two  diseases  are  absolutely  distinct.  To  be  con- 
vinced of  this  it  suffices  to  examine  a  man  attacked  simultaneously 
by  both  of  these  diseases.  The  objective  characters  of  the  variola 
and  of  the  vaccinal  pustules  are  not  at  all  similar.  At  present, 
however,  when  we  are  well  acquainted  wdth  the  variability  of  viruses, 
we  may  ask  whether  the  differences  are  as  great  as  one  might  believe, 
whether  vaccinia  and  variola  do  not  have  a  single  origin,  and  whether 
the  virus  has  not  been  modified  through  repeated  passages  in  man 
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and  in  animals.  Dua&ts,  among  them  Cliauveau,  remark  tint  tlie 
objeetive  diaraetars  are  different,  that  the  reoqytivity  of  animab 
18  not  similaTy  and  particularly  that  the  yariolar  Yirua  is  not  tnuQ»- 
formed  into  vaccinia  througji  paasagea  in  oowB.  The  latter  aigomoit 
is  not  perhaps  irrefutable,  fat  it  may  be  answered  that  inoeulatims 
in  series  have  not  heeai  sufficiently  numerous.  On  the  other  hind, 
the  fact  itself  has  bem  contradicted.  Voigt  (1881),  Fischer  (1885), 
Etemod  and  Hacdus  (1892)  assert  that  by  practising  inoculatkms 
on  large  surfaces  they  have  transformed  variola  into  vaodnia,  and, 
transf oring  thdr  experimental  results  to  the  domain  of  praetiee, 
Ihey  have  prepared  a  vaccine  of  variolar  origin  ^diich  has  gmi 
excellent  results. 

Althougji  the  question  presents  great  theoretical  interest,  it  seeou 
to  be  of  little  consequence  from  a  practical  standpoint.  Vaoeiiiu^ 
which  seems  to  be  weakened  when  it  is  inoculated  from  man  into 
man,  according  to  the  Jennerian  method,  preserves  all  its  acthrify 
when  it  is  cultivated  in  cows.  A  second  probtooi,  however,  sriBes. 
Its  human  origin  being  denied,  it  remains  to  team  Aether  vaceinia 
is  oriipnated  in  the  cow  or  in  the  horse.  Jenner  supposed  cowpox 
originated  from  horsepox,  and  described  the  disease  of  the  hone 
under  the  name  ''  grease."  This  gave  rise  to  confusion.  The  word 
^'grease"  was  translated  by  the  e3q)reesion  ''eaux  aux  jambes"— 
an  expression  applied  to  osteitis  of  the  foot.  It  was  not  until  after 
the  contributions  of  Sarrans  and  Lafosse  that  it  was  understood 
that  Jenner's  grease  is  the  disease  of  the  horse,  formerly  designated 
under  the  name  ' '  morve  volante ' '  (flying  glanders) .  Lafosse  showed 
that  the  virus  is  readily  inoculated  from  the  horse  to  the  cow,  and 
that  it  produces  in  the  latter  a  typical  vaccinia.  Chauveau  showed 
later  on  that  the  inoculation  of  horsepox  produces  in  children  an 
aborted  vaccinia  only;  he  concluded  therefrom  that  vaccinia  acquired 
all  its  activity  in  the  cow,  and  that  it  represents  a  bovine  infection 
and  not  an  infection  of  the  horse.  It  is  to  be  noted,  on  the  oih& 
hand,  that  vaccinia  is  transmissible  to  a  great  number  of  animal 
species,  notably  to  dogs,  sheep,  goats,  and,  at  least  in  certain  cases, 
to  rabbits. 

At  present  it  may  be  stated  that  the  vaccinal  virus,  owing  to 
numerous  passages  which  it  has  undergone  in  cows,  has  become  a 
fixed  virus:  its  inoculation  is  almost  invariable.  In  individuals 
vaccinated  for  the  first  time,  the  eruption  begins  seventy-two  hours 
after  inoculation,  and  is  clearly  manifest  in  the  course  of  the  fourth 
day.     Even  with  this  fixed  virus,  however,  certain  variations  are 
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observed.   The  incubation  often  lasts  four  or  five  days,  exceptionally 
six  or  seven. 

The  inoculation  is  generally  practised  by  three  epidermal  punc- 
tures or,  still  better,  by  superficial  scarifications.  The  eruption  is 
localized  at  the  infected  points,  and  it  is  altogether  exceptional  to 
see  it  generalize.  In  the  latter  case  the  disease  assumes  the  character 
of  a  quite  serious  infection,  accompanied  by  fever.  Even  some  cases 
of  death  in  young  children  have  been  reported.  This  eventuality, 
however,  is  so  extraordinary  that  it  hardly  deserves  to  be  taken  into 
account.  The  generalization  evidently  indicates  a  peculiar  suscep- 
tibility to  vaccinia,  and  probably  to  variola.  Barring  these  facts, 
examination  of  the  local  lesion  produced  by  inoculation  likewise 
demonstrates  that  individuals,  according  to  previous  diseases  or 
vaccinations,  according  to  their  innate  or  inherited  characters,  even 
according  to  a  number  of  intercurrent  circumstances,  present 
peculiar  resistance  or  susceptibilities.  The  regular  vaccinia  begins 
on  the  third  day  with  a  papule,  which  is  transformed  into  a  vesicle 
on  the  fifth,  and  reaches  maturity  on  the  seventh.  At  this  moment 
the  lesion  is  constituted  by  a  large  flat,  umbilicated  vesicle,  sur- 
rounded by  a  red  areola  and  containing  a  clear  and  thick  fluid. 
Toward  the  eleventh  day  the  crust  appears,  which  is  exfoliated  from 
the  twenty-first  to  the  twenty-eighth  day,  leaving  an  indelible 
cicatrix.  In  certain  instances  the  evolution  is  more  rapid,  the 
vesicle  remains  small,  and,  within  a  few  days,  its  evolution  is  termin- 
ated. This  vaccinoid,  which  has  improperly  been  called  pseudo- 
vaccinia,  simply  indicates  a  slight  resistance  of  the  organism,  and 
it  seems  to  me  to  prove  that  immunity  requires  to  be  reinforced  in 
such  cases. 

The  evolution  of  vaccinia  is  followed  by  a  modification  in  the 
body  fluids,  which  has  been  clearly  demonstrated  by  the  researches 
of  Sternberg,  Beclftre,  Chambon,  and  Mdnard.  This  is  a  particular 
instance  in  perfect  harmony  with  our  present  knowledge  of  the  mech- 
anism of  artificial  immunity.  As  always,  however,  the  modifications 
thus  produced  in  the  organism  are  not  permanent.  At  the  end  of 
a  certain  length  of  time  immunity  disappears.  It  is  generally 
estimated  that  adults  should  be  vaccinated  once  every  ten  years; 
children  whose  nutrition  is  more  active  more  rapidly  lose  their 
vaccinal  immunity,  and  must  be  revaccinated  once  every  seven  or 
eight  years.  These  data  are  perfectly  acceptable.  It  should  be 
remembered,  however  that  one  vaccination  does  not  suffice  to 
extinguish  variola  in  a  definitive  manner.     The  countries  where 


862  INFECTIO  US  DISEASES. 

vaccination  is  compulsory  are  not  free  from  the  disease.    For  ex- 
ample, in  Sweden,  where  the  mortality  was  165  per  100,000  inhab- 
itants before  the  introduction  of  vaccine,  fell,  since  the  discovery 
of  vaccination,  to  55,  and  since  vaccination  was  made  compulsory, 
to  18.  .  In  Germany,  where  law  prescribes  vaccination  and  re- 
vaccination,  the  mortality  is  only  2.2  per  100,000  among  the  civilian 
population,  while  in  the  army,  in  which  the  rules  are  better  observed, 
variola  may  be  said  to  be  unknown.    It  would,  therefore,  be  ea^^y, 
through  an  international  agreement,  to  cause  the  disappearance  of 
variola.    So  far  as  France  is  concerned,  we  know  at  present  that 
variola,  although  suflSciently  rare,  is  still  observed,  particularly  in 
certain  cities,  such  as  Marseilles.    In  1900  we  had  in  Paris  a  quite 
severe  epidemic,  which  continued  and  even  increased  the  following 
year.    At  the  time  an  epidemic  is  prevailing  the  resistance  conferred 
by  previous  vaccinations  should  not  be  counted  upon ;  variola  itself 
does  not  create  absolute  immimity.    A  certain  number  of  recur- 
rences have  been  reported,  and  Heim,  by  revaccinating  individuals 
who  had  once  had  variola,  obtained  32  per  cent,  of  complete  suc- 
cesses, 25  per  cent,  of  incomplete  successes,  and  42  per  cent,  failures. 
According  to  the  wise  advice  of  Dr.  Hervieux,  in  ordinary  times 
individuals  should  be  vaccinated  at  the  age  of  t^n,  and  then  again 
at  the  age  of  twenty.    At  the  time  of  an  epidemic,  however,  every- 
body should  be  vaccinated.    It  is  also  to  be  remembered  that  the 
aged  are  not  refractory,  as  is  generally  supposed.     Facts  reconled 
by  Beclere  and  Brot^  are  absolutely  conclusive.    Eyerybodv  shouKI, 
therefore,  be  revaccinated,  since  the  duration  of  immunity  Ls  not 
fixed,  and  it  is  not  known  at  the  end  of  how  much  time  it  disappears. 
Tluis,  in  1897,  we  noticed  that  vaccmia  succeeded  for  the  second 
time  in  six  children,  the  oldest  of  whom  wa.^  five  years  and  the 
youngest  sixteen  months  old.'    In  all  of  these  mdubitable  cicatrici^ 
of  a  previous  vacchiation  were  present.    Tliese  subjects  were,  there- 
fore, in  a  state  of  receptivity.     Several  personal  observations  of 
mine  could  be  cited  in  support  of  this  conclusion.    The  most  inter- 
esting of  these  observations  is  that  concerning  a  pregnant  woman, 
alri^ady  referred  to  {]).  590),  who  had  been  successfully  vaccinattnl 
at  the  seventh  month  of  her  pregnancy,  and  two  months  later  con- 
tracted a  benign  variola  wliich  she  communicated  to  her  chiU. 
The  latter,  owing  to  the  influence  of  the  maternal  yaccination, 
resisted  the  infection  fairly  well. 

'   Brot.     Dv  riininunite  vticcinale.     Th^^  de  Paris,  1897. 

'  Roger.     Sur  la  dun'^e  dc  rimniuiiit<5  vaccinale.     Soci^t<^  de  Hiolourie.  July  2,  l>i97. 
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The  conclusion  is  unavoidable :  at  times  of  epidemics  everybody 
must  be  vaccinated.  At  ordinary  times  revaccination  should  be 
practised  once  every  ten  years.  It  is  also  to  be  remembered  that 
if  a  previous  vaccination  does  not  secure  absolute  immunity  from 
variola,  it  decreases  the  gravity  of  the  infection  and  that  the  mor- 
tality is  very  low  in  revaccinated  individuals.  Of  individuals  who 
have  been  vaccinated  three  times  we  have  lost  only  three  in  our 
wards. 

The  statistics  of  the  Westham-Union  Hospital,  bearing  upon  1000 
cases  observed  from  1877  to  1882,  furnished  the  following  results, 
which  need  no  comment  :* 

Casn.   Morlaltiy.  Per  ctiU, 


Dr.  Delom'  who,  from  this  point  of  view,  tabulated  1023  ohaet- 
vations  taken  in  our  hospital  in  1900  and  at  ihe  beginning  of  1901, 
obtained  the  following  results: 

Catet,   Morlaliiy.  Per  emit. 


If  the  age  of  the  individual  is  considered,  the  following  interesting 
results  are  obtMned,  which  we  sum  up  as  follows: 
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AUhoog^  YBowMkm  is  not  eanqmbory  in  F^ranoe,  most  of  tiie 
inhaUtants  of  lliat  country  have  undergone  at  least  one  inoeulatkm. 
A  ocrtificate  of  vaoeination  is  required  of  children  to  be  admitted  to 
schools.   AH  recruited  men  to  the  regiments  are  revac<»iated.  The 
influence  of  the  vaednations  practised  in  the  army  explains  irt^ 
from  twenty  to  thirty  years  of  age  are  far  less  frequently  attadced 
Iqr  Tariola  than  womm.   In  large  administrations  revaedmatioDB  are 
often  practised.    According  to  infonnatbui  however,  vtaA  tbe 
anthor  obtained  during  the  last  epidemicy  private  establishmentB  are 
often  better  oiganised  from  this  standpoint  than  publfe  establiEiir 
mcnts.    Furthermore,  a  measure  has  been  adopted  which  seem  to 
have  very  gratifying  results:  When  a  case  of  variola  is  r^rarted  in 
a  house  a  vaccine-bearing  heifer  is  sent  to  the  house  and  eaxfksjei 
for  vaccinating  alL  the  residents  free  of  diarge.   Many  perscHis  lAo 
would  not  otherwise  take  the  trouble  thus  consult  to  be  inoculated 
at  hmne.    Owing  to  these  various  measures  variola  has  been  eon- 
siderably  decreased;  the  epidemici  however,  ^riiich  recently  prevailed 
riiowB  that  it  may  easily  hfpin.  be  increased.   It  would,  therefore,  be 
advisable  to  do  in  France  wiiat  is  being  carried  out  in  a  great  number 
of  countries,  notably  in  Germany.   Two  inoculations  suffice,  on  con- 
dition, of  course,  that  all  the  inhabitants  be  submitted  to  it.   One 
to  be  practised  during  first  childhood  (under  two  years  of  age).  Hie 
other  at  the  age  of  twenty  years.    The  efficacy  of  the  method  is 
demonstrated  by  German  statistics.    The  results  are  so  clear  that 
some  authors  have  declared  variola  to  be  a  disease  of  historical 
interest,  since  it  is  no  longer  observed  in  civilized  countries. 

Immnxiiiation  by  Attenuated  Vinuies.  Instead  of  introducing  into 
the  organism  a  mild  natural  virus  capable  of  conferring  immunity, 
modified  infectious  agents  may  be  employed,  namely,  such  agents 
as  have  been  deprived  of  part  of  their  virulence,  in  other  words, 
attenuated  viruses.  Such  is  the  principle  of  a  new  method  called 
Pasteurian  vaccinations. 

Attenuation  may  be  obtained  by  a  great  number  of  procedures. 
Most  of  these  consist  in  cultivating  the  virulent  agent  imder  dys- 
genesic  conditions  or  disturbing  its  vitality  by  physical  or  chemical 
means.  The  age  of  cultures,  heating,  exposure  to  sun  rays,  develop- 
ment at  high  temperatures,  the  addition  of  antiseptic  substances  to 
the  culture  medium,  the  influence  of  compressed  oxygen — such  are 
the  most  usual  procedures.  Let  us  add  to  these  inoculation  into 
certain  animals :  the  virus  becomes  exalted  for  the  species  upon  which 
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the  experiment  is  performed,  while  it  becomes  attenuated  as  regards 
another  species,  a  result  which  may  be  employed  as  an  argument  of 
the  original  unity  of  variola  and  of  vaccinia.  However  this  may  be, 
Pasteurian  vaccinations  are  exclusively  employed  in  veterinary  medi- 
cine and  give  remarkable  results  against  anthrax.  By  means  of 
various  systems  of  vaccination  against  anthrax  animals  sensitive  to 
this  disease  have  successfully  been  rendered  refractory.  Everyone 
remembers  the  famous  experiment  of  Pouilly-le-Fort,  where  Pasteur 
conclusively  demonstrated  the  value  of  his  method.  At  present 
there  is  not  the  slightest  shadow  of  doubt  as  to  the  efficacy  of  the 
method.  From  1882  to  1894,  1,788,677  sheep  have  been  vaccinated 
in  France,  and  their  mortality  has  been  0.94  per  cent.,  while  formerly 
it  reached  10  per  cent.  As  regards  cattle,  200,962  have  been  inocu- 
lated, and  the  mortality  has  fallen  from  5  per  cent,  to  0.34  per  cent.* 
Numerous  laboratories  of  vaccination  have  been  organized  in  foreign 
countries  (Vienna,  Madrid,  Turin,  Buenos  Ajrres,  Odessa,  etc.),  and 
their  results  have  confirmed  the  efficacy  of  the  method. 

Vaccination  against  Hydrophobia.  These  results  suggest  the  ques- 
tion whether  vaccines  could  not  act  even  after  the  introduction  of 
an  active  virus.  It  was  likewise  Pasteur  who  took  up  and  solved 
this  problem.  Into  individuals  bitten  by  a  rabid  animal  are  prac- 
tised injections  with  the  diseased  spinal  cord  attenuated  by  desicca- 
tion. A  refractory  state  is  thus  created  which  develops  more 
speedily  than  the  disease.  Immunity  is  immediately  manifest  to 
prevent  the  propagation  of  the  active  virus  and  enable  the  organism 
to  destroy  it. 

It  was  by  studying  the  action  of  the  hydrophobic  virus  and  by 
seeking  to  vaccinate  against  it  that  Pasteur  was  led  to  this  new 
result.  It  should  not  be  forgotten,  however,  that  the  first  attempt 
of  vaccination  against  hydrophobia  is  due  to  Gautier.  In  a  note 
presented  to  the  Institute,  January  25, 1881,  this  scientist  announced 
that  the  injection  of  hydrophobic  saliva  into  the  veins  of  sheep  does 
not  produce  hydrophobia,  but  confers  immunity.  This  result,  which 
was  confirmed  August  1,  1881,  in  a  contribution  in  which  the  author 
announced  that  he  had  vaccinated  nine  sheep  and  one  goat,  was  of 
considerable  interest.  Unfortunately,  the  method  was  unfit  for  prac- 
tical purposes,  because  the  introduction  of  saliva  is  an  unreliable  and 
dangerous  method.    Intravenous  injection,  which  succeeds  so  well 

*  Chamberland.  R^ultata  pratiques  des  vaccinations  centre  le  charbon.  Annaies  de 
rinstitut  Pasteur,  1894. 
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With  ramiiiaiite,  in  most  cases  causes  death  when  it  is  applied  to 
othar  aainials,  and  particularly  to  the  dog. 

In  1881  Ftotair,  Ghamberlaiid  aad  Roux,  and  Thmlfier  ^^ 
a  method  ivfaidi  did  away  with  all  the  uncertainty  of  inoculatimi  of 
safiva:  Tbis  was  the  eoqploynient  of  the  hydroidiobic  q>inal  cord, 
an  emuMon  of  whidi  was  injected  beneath  the  dura  mater.  In  1882 
Ftateur  and  his  collab(»ratoiB  announced  that  of  three  dogs  isocu- 
lated  two  perished  and  one  survived  after  having  be»i  sick  tiuB 
animal  had  beocnne  refractory;  it  was  subsequently  twice  inoculated 
Iqr  trqpanaticm,  but  did  not  beocnne  hydrojdiobic.  From  that  time 
on  Pasteur  saw  several  dogs  inoculated  with  virulent  matter  resist 
the  experiment  and  become  refractcsy .  He  even  noticed  that  kige 
doses  of  hydrophobic  virus,  when  injected  beneath  the  ^in,  produee 
hydroiAiobia  less  frequently  and  immunity  oftener  than  medium 
doses,  lliis  lesuHy  hig^  interesting  from  the  standpoint  of  psil^ 
lo^cal  idiysblogy,  was  confirmed  by  various  experimenters,  notably 
by  Bardacfa.  Under  these  conditikmSi  however,  vaccination  appeais 
as  an  exceptional  fact ;  it  was,  therefore,  necessary  to  prepare  a  vinis 
incapable  of  killing  the  dog,  but  suffici^it  to  increase  its  reostanoe 
and  render  it  refractory  to  more  and  more  energetic  ag^its.  llus 
attenuation  of  virulence  Pasteur  obtained  by  transferring  hydro- 
phobia from  the  dog  to  the  monkey.  As  passages  are  practised  upon 
the  latter  animal  the  activity  of  the  vims  weakens,  a  fact  proved 
by  the  progressive  lengthening  of  the  period  of  incubation.  If 
the  virus  is  then  transferred  to  the  rabbit,  it  becomes  exalted;  the 
period  of  incubation  gradually  decreases  until  the  minimum  point  s 
reached. 

This  minimum  delay  of  incubation,  obtained  at  about  the  hun- 
dredth passage,  is  invariable,  and  amounts  to  six  or  seven  days.  The 
\inis  is  then  said  to  be  "  fixedJ^ 

Thus,  starting  from  the  monkey  and  passing  through  the  rabbit, 
one  may  prepare  a  series  of  viruses  with  progressively  decreasing 
acti\dty.  If  we  inoculate  beneath  the  skin  of  a  dog  the  more  and 
more  virulent  spinal  cord  of  a  rabbit,  beginning  with  the  least 
energetic,  we  produce  no  accident,  but  confer  on  the  dog  inmiunity 
against  the  most  \drulent  virus  introduced  by  trepanation.  This 
result,  based  upon  twenty-three  experiments,  was  annoimced  to  the 
Institute  on  May  19,  1884,  and  confirmed  by  the  researches  pursued 
upon  forty-two  inoculated  and  forty-two  controlled  animals,  before 
a  conamission  composed  of  Beclard,  Bouley,  Bert,  Vulpian,  and  ^^J- 
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leniin.  When  bitten  by  rabid  dogs,  not  one  of  the  vaccinated  animals 
succumbed,  while  most  of  the  controls  perished. 

The  discovery  was,  therefore  achieved,  but  the  method  was  not 
practical.  It  was  necessary  to  suppress  the  passage  through  the 
monkey  and  attenuate  the  virus  without  employing  this  animal. 
This  new  problem  was  likewise  solved  by  Pasteur  and  his  collabora- 
tors. They  took  rabbits  which  had  died  from  the  *'  fixed  "  virus,  and 
they  found  that  their  spinal  cords  lost  much  of  their  virulence  under 
the  influence  of  desiccation.  In  order  to  obtain  this  result,  these 
spinal  cords  are  detached  with  the  greatest  aseptic  precautions;  they 
are  suspended  in  a  vial  closed  with  cotton  and  at  the  bottom  of 
which  there  are  fragments  of  potassium.  From  the  thirteenth  to  the 
fourteenth  day  on,  the  cord  is  found  to  have  lost  its  virulence; 
the  shorter  the  period  of  desiccation  the  greater  is  the  acti\Tity  of  the 
cord.  In  1885  Pasteur  announced  that,  by  means  of  spinal  cords 
thus  prepared,  he  had  rendered  fifty  dogs  refractory  to  inoculations 
practised  into  the  skin  and  even  beneath  the  dura  mater. 

In  view  of  the  results  given  by  this  memorable  experiment,  an 
attempt  might  be  made  to  apply  to  man  the  new  method.  The 
occasion  soon  presented  itself.  As  is  well  remembered,  the  first 
attempt  was  made  upon  young  Joseph  Meister,  bitten  July  4,  1885. 
After  consulting  Professors  Vulpian  and  Grancher,  Pasteur  practised 
his  mode  of  treatment  upon  this  child,  who  seemed  to  be  condemned 
to  certain  death  by  the  number  and  depth  of  the  bites.  The  result 
exceeded  all  expectation.  The  patient  recovered,  and  sixteen  years 
after  the  inoculation,  he  was  in  perfect  health. 

After  this  first  case,  which  was  reported  in  October,  1885,  very 
large  numbers  of  individuals  have  come  to  the  laboratories  of  Pasteur 
from  all  parts  of  the  world.  More  than  ten  thousand  have  been 
treated  in  Paris;  at  least  as  many  have  been  similarly  treated  in  the 
Pasteur  Institutes  of  foreign  countries.  Pasteur  first  employed  a 
simple  method,  which  consisted  in  injecting  beneath  the  skin  the 
spinal  marrow  of  the  fourteenth  day,  then  successively  those  of  the 
thirteenth,  twelfth,  until  the  fifth  day.  Each  specimen  of  marrow 
was  injected  once;  the  treatment,  therefore,  lasted  ten  days.  This 
method  was  not  sufficient  for  grave  cases ;  hence,  Pasteur  abandoned 
it  and  adopted  the  so-called  intensive  metlod,  which  consists  in 
repeating  the  inoculations,  in  making  the  vaccinations  at  shorter 
intervals,  and  in  administering  more  virulent  marrow.  The  treat- 
ment is  modified  according  to  the  gravity  and  especially  the  seat  of 


258  ZNmonous  j^tssasks, 

the  bitMu    The  method  is  earned  out  m  foUowe:    A  fragmeDt  of 
Bjpinal  manrow  aboat  8  mm*  kmg  is  taken  and  triturated  in  1  tmu 
<rf  bouilloDi  and  injected  beneath  the  aldn  in  the  hypodiondriae 
Ti^pon.   Hie  injeetion  ia  somewhat  painful^  but  gives  rise  to  no  &- 
turiMUioe  ezoqyt  in  the  last  two  daysi  when  the  puncture  beocmieB  tiie 
seat  of  a  small  erythonatous  and  itching  patch.    First,  a  Bpemm 
of  the  marrow  of  fourteen  or  thirteen  days  is  emptojed,  thai  pro- 
gresBEvdy  the  marrows  of  twdve  and  deven  until  that  of  the  lliiid 
day  is  readied,  the  virulenoe  of  the  latter  being  about  the  same  m 
that  of  the  fredi  marrow*  The  quantity  injected  may  reach  3  exm. 
in  the  case  of  marrows  of  little  activity— those  <tf  the  fourteenth  to 
seventh  day— no  nu»re  than  2  c^an.  of  the  mairow  of  less  than  seven 
days  are  gnren*   In  grave  i»»es  intervention  must  be  i»ompt,  there- 
fbie  four  injectibmi  a  day  are  gjtven.    The  first  day  the  marroim  of 
the  fourteenth  and  thirteenth  days  are  enqployed  by  two  punctuns, 
one  in  each  hypodicmdriac  region;  in  the  evening  of  the  same  day 
the  marrows  of  the  twelfth  and  deventh  days  are  injected.   Hie 
following  day*  the  marrows  firom  the  tenth  to  the  sev^ith  day  are 
used.    On  the  third  day  of  the  treatment  two  injections  are  gmn 
with  the  marrow  of  the  sixth  day.  After  that,  one  injection  is  p?e& 
daily  with  the  more  virulent  manows.    When  the  marrow  of  the 
third  day  is  reached  a  new  series  is  b^un,  starting  with  the  manow 
of  the  fifth  day;  then  recourse  is  had  to  a  third  and  even  a  fourth 
series.    At  times,  at  the  end  of  the  treatment  the  patient  complains 
of  pain  at  the  point  of  the  cicatrices ;  in  such  cases  a  new  vaccination 
is  undertaken  according  to  the  intensive  method,  and  the  symptoms 
often  disappear.    It  is  thus  conceivable  that  the  vaccination  must 
not  be  applied  in  the  same  manner  in  all  patients ;  we  cannot,  however, 
dwell  upon  the  details  of  the  treatment,  which  varies  with  each  case, 
and  the  duration  of  which  is  limited  between  fifteen  and  twenty-two 
days. 

Pasteur's  method  is  at  present  employed  in  a  great  number  of 
countries ;  it  has  at  times  undergone  more  or  less  important  modifi- 
cations. Thus,  in  countries  where  rabbits  are  smaller  than  ours  the 
spinal  marrows  dry  rapidly  and  lose  their  virulence  more  speedily. 
It  is,  therefore,  possible  to  begin  the  injections  with  marrows  of  the 
tenth  or  eighth  days,  as  is  done  by  Bab&  in  Bucharest,  and  Bujwid 
in  Warsaw.  The  latter  experimenter  gives  the  series  of  marrows 
from  the  twelfth  to  the  third  days  in  four  days,  and  repeats  the  same 
series  three  times.    In  desperate  cases  Bardach  and  Gamaleia  have 
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employed  the  entire  series  of  viruses  each  day  for  three  days  in  suc- 
cession, reaching  the  specimen  of  one  day.  It  is  unnecessary  to 
mention  all  the  modifications  of  the  treatment.  Reference  must  be 
made  to  the  attempt  of  Ferran,  who  did  not  hesitate  to  inject  non- 
attenuated  viruses.  Although  his  method  seems  to  have  given  good 
results,  it  has  produced  disturbances  in  Milan  at  the  hands  of  Bareggi. 

It  has  likewise  been  possible,  at  least  in  the  case  of  animals,  to 
confer  immunity  against  hydrophobia  by  other  procedures.  Dr. 
Galtier^s  experiments  have  already  been  alluded  to.  More  recently 
Drs.  Nocard  and  Roux  have  taken  up  the  method  of  intravenous 
injections  by  substituting  for  saliva  a  more  certain  virus  furnished 
by  an  emulsion  of  spinal  marrow.  They  have  thus  succeeded  in  vac- 
cinating sheep,  and  even  saving  several  into  the  eyes  of  which, 
twenty-four  hours  previously,  they  had  inoculated  the  virus  of  hydro- 
phobia. Intravenous  injection  may  also  confer  immunity  upon  the 
dog,  provided  a  weak  virus  be  first  employed,  and  then  gradually 
specimens  of  progressively  growing  activity  (Protopopoff).  More- 
over, vaccinations  have  also  been  practised  by  means  of  diluted 
viruses  (Bardach),  as  well  as  with  viruses  attenuated  by  heat  (Babte). 

The  brief  history  of  facts  above  given  demonstrates  that  the  virus 
of  hydrophobia,  when  rendered  inofifensive  by  one  of  the  foregoing 
procedures,  may  confer  immunity.  The  mechanism  by  which  this 
efifect  is  obtained  has  been  a  question.  In  view  of  the  results  observed 
in  other  infectious  diseases,  an  efifort  has  been  made  to  learn  whether 
antirabic  vaccination  does  not  depend  upon  soluble  substances  elab- 
orated by  the  agent  of  hydrophobia.  Prof.  Bouchard  attempted  to 
vaccinate  by  means  of  marrow  triturated  in  water  and  filtered 
through  porcelain.  The  fluid  thus  obtained  did  not  confer  immunity 
against  inoculation  later  practised  beneath  the  dura  mater.  This 
negative  result  was  confirmed  by  De  Blasi  and  Travali.  These 
authors  succeeded,  however,  in  rendering  animals  refractory  to  intra- 
venous inoculations  by  the  same  procedure.  Babte  and  Lepp  have 
likewise  conferred  immunity  by  injecting  cerebral  substance  sterilized 
by  heating  at  176°  F.  (80°  C). 

Pasteur  thought  that  his  procedure  did  not  attenuate  the  virus  but 
decreased  its  quantity.  A  rabbit  into  which  this  so-called  attenu- 
ated virus  is  injected  succumbs  in  thirty  days,  and  its  medulla  as 
well  as  the  fixed  virus,  when  inoculated  into  a  second  rabbit,  kills 
the  latter  in  seven  days.  Desiccation  is  supposed  to  destroy  the 
virus  more  rapidly  than  the  vaccine,  so  that  the  marrows  rapidly  lose 


their  noxious  properties,  while  they  preserve  their  vactunatiiig  {m^ 
erties  for  a  longer  time. 

The  attenuation  of  marrow  attributed  by  Protopopoff  Mid  Blaa 
•nd  Russo-Travali  to  the  action  of  heat  seema  to  depend  upon  a 
l^enomenon  of  oxidation  brought  about  by  heat.  Thus,  Zagaiihas 
found  that  marrows  placed  in  dry  air  remain  virulent  for  ten  isjt 
at  a  temperature  of  68°  F.  (20"  C.)i  and  for  only  sixtj'-«ix  hoiueat 
W  F.  {35"  C).  The  virulence  is  more  rapidly  lost  in  hydrogen;  it 
IB  preserved  longer  in  vacuo,  and  especially  in  carbonic  acid.  If  it 
disappears  under  these  conditions,  it  is  due  to  the  iact  that  Uie 
marrow,  at  the  tome  it  s  taken  from  the  body,  retuns  a  ootim 
amount  of  oz^^en  iriiidi  Bervea  the  ulterior  j^enomena  of  oziditicHi. 
Tbeimmmuty  oonfored  by  the  Pasteuriaa  method  seems  to  be  biriy 
dmvble.  It  pernsta  for  two  years  in  dt^.  It  may  be  transmtted 
even  by  heredity :  at  least  this  IB  what  seems  to  be  i»oved  by  a  Toy 
interesting  bet  publidied  by  H5gyes:  of  four  young  bom  from  t 
refractory  couple  and  inoculated  in  the  eye  yrhea.  three  months  old, 
one  died;  two  succumbed  after  a  very  long  incabaticm;  the  foorth 
survived  and  rossted  two  addilnomd  inooulataons. 

Swsti  are  the  facts  that  may  be  recorded  in  favor  of  Fasteor't 
method.  They  demonstrate  the  possibility  of  attenuating  m  rstber 
modifying  the  virus  of  hydrophobia  and  that  this  modified  virus  rai- 
ders animals  refractory  to  hydrophobia  and  enables  bitten  individ- 
uals to  resist  the  infection. 

Immunliatton  against  Otaolera,  Babonic  Flagn*,  and  Typhoid  Ferw. 
Haffkin  indicated  two  procedures  for  vaccinating  against  cholera. 
The  first  consists  in  injecting  an  attenuated  virus,  and  eight  days 
later  a  strong  virus.  The  second  procedure  is  based  upon  the  employ- 
ment of  cultures  sterilized  by  a  0.5  per  cent,  solution  of  carbolic  acid. 
Since  1893  the  anticholeric  vaccine  has  been  inoculated  in  India  into 
more  than  100,000  individuals,  "nie  mortality  is  said  to  have  been 
diminished  by  about  15  to  20  per  cent.  However,  strange  to  relate, 
while  cholera  is  less  frequent  among  vaccinated  individuals,  it  seems 
to  be  just  as  grave  when  it  attacks  them. 

In  order  to  prevent  bubonic  plague  Haffkin  employed  cultures  of 
the  bubonic  bacillus  heated  to  161.5°  F.  (72°  C).  The  immunity 
thus  conferred  lasts  more  than  six  months.  Statistics  seem  to  show 
that  the  prophylactic  results  are  quite  clear.  Morbidity  is  decreased, 
and  the  mortality,  which  is  62  per  cent,  in  non-vaccinated  subjects, 
falls  to  27  per  cent. 
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Finally,  let  us  mention  the  attempts  of  Wright,  who  vaccinates 
against  typhoid  fever  by  means  of  cultures  sterilized  by  heat.  These 
inoculations  have  been  practised  in  the  army  of  India,  and  have 
reduced  the  nimiber  of  cases. 

Dangers  of  VaccinationB.  A  grave  objection  may  be  made  against 
all  these  methods.  An  infection,  whatever  it  may  be,  and  however 
benign  that  it  may  be  supposed  to  be,  gives  rise  to  a  series  of  disturb- 
ances and  lesions.  It  produces  in  the  organism  nutritional  modifi- 
cations and  changes  in  the  constitution  of  the  fluids,  which  account 
for  the  immunity  acquired.  The  morbid  work  may  be  so  slight  as 
to  be  unnoticeable.  We  cannot,  however  deny  the  reality,  and  con- 
sequently we  must,  in  a  certain  measure,  fear  these  new  methods. 

Breeders  assert  that  sheep  immunized  against  anthrax  do  not 
develop  as  well  as  others.  Hence,  vaccination  is  practised  less  regu- 
larly in  Beauce.  The  losses  caused  by  a  few  cases  of  anthrax  are 
less  considerable  than  depreciation  resulting  from  immunization. 
Upon  the  author's  advice.  Dr.  Kaplan*  studied  this  question.  He 
examined  two  lots  of  sheep,  one  vaccinated,  the  other  not  vaccinated. 
By  watching  the  animals  and  weighing  them  regularly,  he  found  no 
notable  differences.  It  has  also  been  questioned  whether  vaccina- 
tions could  not  induce  a  fatal  infection  in  a  predisposed  individual 
who  is  already  sick  and  suffering.  What  we  have  learned  from 
experimentation  on  microbic  associations  gives  a  certain  importance 
to  this  criticism.  This  objection  has  been  raised  particularly  with 
regard  to  antirabic  treatment.  Leaving  aside  contestable  reports,  it 
must  be  remembered  that  eminent  bacteriologists,  hke  Bab^,  have 
cited  cases  in  which  vaccinal  hydrophobia  has  given  rise  to  disorders. 
These  cases  are  undoubtedly  exceptional;  they  do  not  impair  the 
value  of  the  method,  and  must  not  prevent  its  employment  against 
bites.  They  must  only  render  us  more  circumspect  when  the  ques- 
tion is  one  of  prophylaxis. 

Senim  Prophylaxis.  In  the  presence  of  the  inconveniences  result- 
ing from  the  introduction  mto  the  organism  of  even  attenuated  hving 
viruses  or  of  toxins,  attempts  have  been  made  to  secure  prophylaxis 
by  means  of  serums.  Preventive  inoculations  have  been  practised 
against  streptococcic  infections,  notably  puerperal  fever;  against 
bubonic  plague,  tetanus,  and  diphtheria.  Heubner  established  that 
injections  of  antidiphtheritic  serum  repeated  every  three  weeks  com- 

^  Kaplan.     Contribution  k  IVtude  du  charbon.     Son  4tat  actuel  en  Beauce.     Thdse 
de  Paris,  1900. 
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T^^ifibAj  wappnmd^  For  hie  part,  tte 

•uihor  bdievoi  tiiat  H  k  better  to  sfcrag]^  againgt  contagion  by 
itolating  8i]q[deioi]8  easeB.  Tbe  axitibor  never  resorte  to  prevqilifB 
injeetioiiB,  and  ffv  the  last  ax  yean  hM 

naleaae.  He bdievea, lK>wever, tiiat tfak method nniet be eo^^ 
ivben  several  caeea  occur  in  an  eatabliflliment  or  a  family.  In  ote 
wofdsi  preventive  serumtheraiyy  must  be  a  method  of  exception 
wfaidi  may  render  immewe  service  in  certain  instanoesy  but  utiA 
must  not  be  laid  doim  as  a  general  rule.  There  will  always  be  time 
enough  l0f  practising  injeeticms  of  serum  when  the  inf ecticm  is  eoih 
traeted.  In  order  that  interventkm  may  be  timely,  it  is  neceaniy 
to  watdi  with  particular  care  individuals  who  have  been  in  contaek 
with  dijditheria  cases.  This  reservation  is  confirmed  by  the  fact  lluit 
phyricians  ytho  treat  dijditheria  eases  are  not  in  the  habit  of  pno* 
tinng  preventive  inoculations  upcm  themsdves  or  thar  families.  The 
same  rules  are  applicable  to  other  serums.  If  an  q>idemic  of  pii€r> 
peral  fever  should  rdgn  in  a  ward,  it  would  be  advbable  to  practifle 
prophylactie  injections  of  serum,  but  we  do  not  advise  to  thus  in ject 
every  puerperal  woman.  Likewise,  antttetaoic  serum  should  not  be 
employed  every  time  an  individual  happens  to  have  an  abrasion;  bat 
it  will  be  useful  in  certain  regions  where  tetanus  is  end^nic.  Lastly, 
the  antibubonic  serum,  although  less  efficacious  Ihan  Haffkin's  vac- 
cine, has  the  advantage  of  being  less  dangerous.  It  may,  therefore, 
be  employed  at  the  time  of  an  epidemic. 

Thanks  to  the  multiple  procedures  which  we  possess  at  present,  it 
is  possible  to  confer  immunity  against  a  great  number  of  infections. 
A  more  and  more  accurate  knowledge  of  pathogenic  agents,  of  their 
distribution  in  nature,  their  mode  of  penetration  into  the  organism 
has  led  to  various  hygienic  measures  which  have  lowered  both  mor- 
bidity and  mortality.  The  isolation  of  contagious  cases,  sterilization 
of  contaminated  objects,  the  destruction  of  germ-bearing  organic  par- 
ticles often  suffice  to  arrest  the  spread  of  disease.  These  divers 
methods  are  no  more  than  a  systematization  of  ancient  ideas.  An- 
tiquity had  a  certain  foresight  of  the  results  obtainable  by  prophy- 
laxis, as  is  indicated  by  the  hygienic  laws  of  Moses  and,  in  the  middle 
ages,  the  creation  of  lazarettos  and  quarantines.  What  belongs  to 
the  modern  epoch  is  the  formulation  of  precise  rules  based  upon 
experimental  facts — substitution  of  scientific  data  for  intuition. 

Alongside  of  other  hygienic  measures  there  arises  a  new  method  of 
prophylaxis,  viz.,  vaccination,  likewise  an  ancient  method  originated 
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in  China.  It  was  not  until  about  the  middle  of  the  eighteenth  century 
that  variolization  was  introduced  into  Europe.  It  was  not  long 
employed.  A  sure  and  inoffensive  method  for  this  uncertain  and 
dangerous  procedure  was  substituted  by  the  genius  of  Jenner.  A 
century  later  another  genius,  Pasteur,  demonstrated  that  an  artifi- 
cially modified  virus  could  be  placed  by  the  side  of  a  naturally 
inoffensive  virus.  A  new  prophylactic  method  thus  took  its  posi- 
tion among  the  means  which  enabled  mankind  to  fight  infections. 
Finally,  the  third  method  is  that  which  was  developed  about  ten 
years  ago  as  a  result  of  Behring's  and  Kitasato's  labors.  • 

Prophylaxis  by  hygiene — i.  e.,  by  isolation  and  disinfection — 
prophylaxis  by  Jennerian  vaccination,  by  Pasteurian  vaccination, 
by  serumtherapy — these  are  the  great  methods  which  science  at  the 
beginning  of  the  twentieth  century  places  at  the  disposal  of  mankind 
for  combating  epidemics,  arresting  their  march,  and  lowering  their 
mortality. 
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pimeatey  vBiiability  of,  47 
Btetefiology,  detemuniflm  in,  01 
of  gMeonu  gangrone,  232 
of  nptitema,  148,  258 
Bftolflriotbami^y  681 
Balneotlienwy.    8eeBftUi8. 
Balhi,  oold,  f93 

ktownnn.  793 
Bicixboiiftle  of  ioda.  infliiMice  of ,  on  pio- 

teetiTe  action  of  wntp  161 
Blood,  action  of  Tenons,  upon  tempem- 
tm^850 
baetenoaoopic  wmminaftlon  of,  367 
mieroaoopie  atndy  d,  363 
modifioKoona  in,  cauaed  by  •«"»«» 
injeotiona,  745 
of,  in  ooune  of  infections,  359 
protective  rdle  of,  761 
rdle  of,  in  thermal  relations,  348 
toxicity  of,  in  some  mfections,  132 
Blood-letting,  805 
Bone-marrow,  in  infections,  369 
lesions  of,  in  infections,  376 
modifications  of,  in  experimental  in- 
fections, 370 
normal  anatomv  and  physiology  of, 

369 
reactions  of,  in  man,  373 
semeiology  of,  377 
Bones,  infections  in,  440 
Bronchi,  457 
Bronchitis,  457 

varieties  of,  457 
Bubonic  plague,  immunity  against,  860 

serumtherapy  of,  707 
Buccopharyngeal  manifestations  in  scar- 
latina, 471 
in  smallpox,  472 
suppuration,  213 
Bulbar  manifestations,  411 


CALCIUM  chloride.     See  Chloride  of 
calcium. 
Calomel,  771 

Cancer,  inoculations  of,  321 
Cardiovascular    manifestations,     treat- 
ment of,  825 


OMiatict,790 

Oell%  dmnmtiona  of ,  334-332 

OBphftlalgia,  405 

in  infectkma,  405 
Ger^ial  manif eaUtiona  in  inf ectioii8»  404 
Ghknide  of  ealoittm.  787 
GholnB,  ori8i8in,526 

imnmnity  agaJnat,  860 

aeviuntherapy  of,  700 

toxin  <^,  125 
CSiolerifcHnn  enteritia,  477 
Choiaa,425 

Gnaia  m,  o2fio 

aenimtl^mpy  of,  700 
CSncikona,  677 

CSreulatoiy  apparatoa.    See  also  Heut 
and  Arteries, 
infiuenoe  of  inf ecftlons  on,  443 
treatment    of    caidij»vaecBhg 

manifeatationa,  825HMMI 

diaoidms^  rOle  <tf ,  in  gangrene,  aJP 

Caothing,  rdle  of,  in  tnuunuanon  of  in- 

feetioiis^  74 
Oooci,37 
Colon  baciOoaa,  188 

aerumtlieni^  of,  702 
tozina  of ,  laS 
(Soma,  408 

Cbntacpon,  definition  of,  18 
Oon^afaaoenee,  527 
hy»eiie(^844 
OonvidaicmB,  410 
Crises  in  cliolenL526 
in  chorea,  526 
definition  of,  518 
in  erysipelas,  524 
in  pneumonia,  521 
in  scarlatina,  525 
in  typhus,  524 
in  various  infections,  525 
Cultivation,  search  for  pathogenic  agents 

by.  607 
C3rtoiogic  examination,  617 


DEATH,  535 
Declaration    of    contagious    dis- 
eases, 845 
Degeneration  or  degenerations,  amvloid, 
328 
causes  of,  326 
cellular,  324r-332 
fatty,  327 
pigmentary,  331 
varieties  of,  324-325 
Delirium,  406 

Determinism  in  bacteriology,  61 
Diagnosis  according  to  chemical  modifi- 
cations in  fluids,  623 
of  infectious  diseases,  606-631 
inoculation  from  the  point  of  view 

of,  613 
by  microbic  toxins,  624 
rules  of  clinical,  627 
by  therapetitics,  624 
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Diagnosis,  vesicatory  test  in.  618 

Digestive  apparatus.    See  also  Aliment- 
ary canal  and  Stomach, 
infections  in,  469 
influence  of  infections  on,  469 
treatment  of  disorders  of,  831 

Diphtheria,  serumtherapy  of,  703 

Diphtheritic  paralysis,  420 

Diseases,  infectious.     See  Infections. 

Dysenteriform  enteritis,  477 

Dysentery,  amebic,  476 
bacterial,  476 

Dystrophies,  of  infectious  origin,  598 


EAR.  auricular  suppurations,  214 
Embolism,  335 
Emunctories,  protective  rdle  of,  762 
Endocarditis,  449 
Endomyces  albicans,  303 
EInterites,  choleriform,  477 

dysenteriform,  477 
Epidemics,  67 

influence  of,  upon  prognosis,  633 
variations  of,   witn   countries  and 
epochs,  95 
Epilepsy,  425 
Eigotj  789 
Elrgotin,  771 

Eruption,  relationship  between  intensity 
of  eruption  and  gravity  of  disea<)e,  434 
Eruptive  fevers,  serumtherapy  of,  730 

transmission  of,  586 
Erysipelas,  crisis  in,  524 

treatment  of,  by  lukewarm  baths, 
800 
EIrysipelatous  paralysis,  422 
Ei^rthemata,  mechanism  and  variability 

of  infectious,  439 
Etiological  conditions,  importance  of,  in 

diagnosis,  634 
Etiolo^  of  infections,  64-97 
Exammation,  cytologic,  617 

microscopic,  search  for  pathogenic 
agents  by,  607 
Elzanthemata,  431 

produced  by  serum  injections,  739 
Ebmerimentation,  role  of,  in  study  of  in- 
fectious diseases,  58 
Exudates,  serous,  174 
Eye,  ocular  suppurations,  214  i 


Fever,  characters  of,  in  some  infections, 
355 
classification  of,  339 
definition  of,  338 
eruptive,  serumtherapy  of,  730 
mechanism  of,  346 
role  of  blood  in,  348 
semeiological  value  of,  358 
therapeutics  of,  792 
typhoid,  autogenic,  82 
clinical  forms  of,  516 
contraindications  of  cold  bath- 
ing in,  795 
immunity  against,  860 
serumtherapy  of,  729 
toxin  of,  131 
Fluids,    organic.     See   also    Blood   and 
Serum, 
action  of,  on  bacteria,  553 
modifications  in,  337 
various,  emploved  in  therapeu- 
tics, 697 
Food.     See  also  Aliments. 

r61e  of,  in  the  transmission  of  infec- 
tions, 75 
Fimgi,  infectious,  39 


FAMILY,  rdle  of.  in  infections,  86 
Farcina  bovidss,  39 
Fasting,  influence  of,  upon  protective 

action  of  Uvcr,  160 
Fatigue,  influence  of,  on  infections,  94 
Fatty  degeneration,  327 
Febrile  manifestations,  treatment  of,  819 
Fecal  matters,  toxicity  of,  116 
Ferments,  bacterial,  47 
Fetid  pleurisy,  240 
Fever  or  fevers,  338 

caused  by  injection  of  serums,  741 


GALLINiE,  tuberculosis  of,  290 
Gangrene,  225-243 
Gangrene,  causes  favoring  development 
of,  227 
definition  of,  227 
gaseous,  bacteriology  of,  232 
toxin  of,  126 
various  agents  of,  233 
of  limbs,  235 
of  Hver,  241 
of  limgs,  238 
of  mammary  glands,  235 
principal  agents  of,  232 
pulmonary,  238 
rdle  of  chemical  agents  in,  230 

of  circulatory  disorders  in,  230 

of  intoxications  in,  231 

of  mechanical   and  physical 

agents  in,  229 
of  nervous  system  in,  231 
of  spleen,  241 
treatment  of,  781 
in  various  parts  of  organism.  235 
Gangrenous  lesions,  treatment  of,  781 

pleurisy,  240 
Gastrointestinal  putrefactions,  114-120 
Generation,  spontaneous,  34 
Genital  organs,  antisepsis  of,  661 
Genito-urinary  organs,  antisepsis  of,  661 
gangrene  of,  241 
mfection  by,  106 
influence  of  infections  on,  490 
suppurations  of,  221 
Germicidal  substances,  rdle  of  spleen  in 

production  of,  381 
Glanders,  animals  sensitive  or  refractory 
to,  275 


CHwidenL  bftdOiit  of ,  biologf  Q^  874       | 

etkdoQr  of ,  276 

pftthiKgicfd  aaaloiw  ol,  976 

wanamihf&am  9i,  7W 

toodne  of,  iBl 
duooie,  Inflaenoo  <tf ,  upon  firotective 

aetion  of  liver,  160 
Quaiaool,  804 

TTEART.    8ee  alio  MyoewdltiB,  Sn- 
Jj.    dooMditv,  aad  FBiicMditis. 
Mlkm  of  toodao  iqfKm,  444 
fnnetioiial  dkmdm  of ,  448 
DMi-liif eotioiis  hypertrophy  of,  448 

HMmmlMigBg,  OMiied  by  mjeetkiiis  of 
ssniiiL  744 


MM  of.  nMfilf  785 
looel,  788 

thenpeatie  indiofttioiie  of,  786 

tieatmentof,  788 
Heoionrliacb  pleurlqr,  467 

*    iratioaii&rM^,  285 
Hfliedi^,  580-605 
jieieroinwigwiiwonii,  o* 

of  gMtrantertinal  origin,  118 
Humocal   modificatioiiB   of   lymphatic 

oiigb,  887 
Hydiocde^  776 
IB^rdn^^iobiiL  leiiiiiithenuQy  of,  785 

yaccinaooii  agaiiuit,  855 
Hygiene  of  convaleeoenoe,  844 

individual,  837 

of  sick,  840 

of  sick  room,  837 

social,  845 
Hyperthermia,  338 


IMMUNITY,  acquired,  559 
congenital,  599 
individual,  88 
mechanism  of,  551-579 
natural,  557 
Immunization  against  cholera,  typhoid 
fever,  and  bubonic  plague,  860 
by  attenuated  viruses,  8^ 
by  means  of  strong  viruses,  847 
Incubation,  495 

importance  of  duration  of,  in  prog- 
nosis, 635 
period  of,  22 
Infantile  paralysis^  417 
Infection  or  infections,  abortive,  512 
action  of,  on  organs  of  sense,  428 
of  poisons  upon,  91 
of,  on    respiratory   apparatus, 
456 
autogenic  origin  of  various  specific, 

81 
bones  in,  440 
cephalalgia  in,  405 
circulatory  apparatus  in,  443 
classification  of,  24 


Tnfectlon,  ctiMoal  fowna  of,  511 
fitifi^^n*w*^  142 

in  afamiBiitaiy  canal,  148 

in  wwpimtory  appanili]8»  147 

of  akni,  145 

<tf  throat  145 
ccMuequencea  of,  541-4^ 
cutaneous  manif eatotioni  in,  421 

origin,  102 
dedanitioa  of,  845 
defini^onof,  34 

diagnowH  and  jnognosis  of,  606-641 
digealive  apiNwaUia  in,  460 
eraptive,  2o 
etioioffy  of,  64-07 
evohiSNiL  of ,  404-540 
hifllc»yof,  80 

hygiene  and  proplqrlazia  of ,  637-W 
hicobation  or,  405 
individual  immunity  from,  88 

pfedimsilion  to,  88 
influence  of  age  on,  88 

of  autoimectiona  on,  82 

of  faittily  OB,  86 

of  f afc^pe  and  ovoiwoik  oa,  94 

on  genital  oigau^  490 

of  individuals  <m,  88 

on  neuzopathies,  427 

of  pcHSonson,  91 

of  seasona  on,  84 

of  sex  and  age  on  fraqpuacy 
of,  89 
intraplaoental       tfanamisnon     of 
chronic,  593 

of  human,  583 
invasion  of,  503 
lesions  of  bone-marrow  in,  376 
lymphatic  glands  in,  382 
meaning  of,  17 
miasmatic,  18 

modifications  of  blood  in  course  of, 
359 

bone-marrow  in  expezimenUl, 
370 
muscular  system  in,  438 
nervous  ^stem  in,  403 
neuroses  following,  423 
nonnspecific,  29 

passage  of  acute  to  a  chronic  condi- 
tion, 631 
pathogenesis  of,  98-134 
r61e  of,  in  development  of  arterio- 
sclerosis, 455 

of,  in  development  of  general 
paralysis,  408 
secondary,  144 

simultaneous  occurrence  of  two,  143 
specific,  25,  29 
spinal  cord  in,  412 
spleen  in,  378 
stationary  period  of,  506 
suprarenal  capsules  in,  400 
termination  of.  516 
therapeutics  of,  642-836 
through  alimentary  canal,  105 
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Infection  through  gcnito-urinan-  organs, 
106 
nervous  system,  106 
organs  of  sense,  106 
respirat()r>*  passages,  103 
serous  memoranes,  106 
vascular  system,  107 
thymus  in,  387 
thyroid  gland  in,  393 
transmission  of,  by  contact,  65 
through  aliments,  75 
air,  69 
clothing,  74 
invertebrates,  73 
plants,  74 
by  soil,  72 
by  water,  71 
tumors  and,  319 
venereal,  27 
virulent,  31 

with  nodular  productions,  28 
with  septicemic  tendency,  27 
Infectious  agents,  action  of,  24 
classification  of,  35 
mode  of  entrance  of,  101 
Inflammatory  exudates,   treatment  of, 
772 
manifestations,  treatment  of,  765 
Infusoria,  34 

Inoculation  or  inoculations.     See  also 
Vaccination, 
of  actinomyces,  316 
of  cancer,  321 

from  a  diagnostic  standpoint,  613 

subcutaneous,  102 

of  tuberculosis,  288 

Insanity  in  tuberculosis,  407 

Intestine,  antisepsis  of,  672 

choleriform  and  dysenteriform  affec- 
tions of,  477 
disturbances  and  lesions  of,  in  in- 
fections, 474 
Intoxications,  r6Ie  of,  in  gangrene,  231 
Intraplacental  transmission  of  anthrax, 
581 
of  chronic  infections,  593 
of  human  infections,  583 
Invasion,  503 

importance  of  mode  of,  in  diagnosis, 
635 
Invertebrates,  r61e  of,  in  transmission  of 

infections,  73 
Iodine,  678 
Ipecac,  790 


KIDNEYS,  influence  of  infections  on, 
489 
r61e  of,  in  thermogenesis,  351 
treatment  of  renal  disorders,  835 


LACTATION,  influence  of  infections 
on,  491 
I>ar>'nx  in  infections,  456 


Leprosy,  serumtherapy  of,  709 
Leptothrix,  37 

Lesion  or  lesions,  local,  evolution  of,  508 
local,  r61e  of,  in  suppurative  pro- 
cesses, 198 
reparation  of  traumatic  and  of  toxic 

mfectious,  541^545 
suppurating,  ^neralization  of,  200 
Leucocytes,  vanations  of,  364 
Limbs,  gangrene  of,  235 
Liver,  abscesses  of,  220 

action  of,  on  microbic  ooisons,  162 
gangrene  of,  241 

^neral  characters  of  infected,  486 
influence  of  bicarbonate  of  soda  on 
protective  action  of,  161 
of  fasting  upon  protective  ac- 
tion of,  160 
of  glucose  upon  protective  ac- 
tion of,  160 
of  infectious  diseases  on,  485 
protective  role  of,  156,  159,  758 
r61e  of,  in  thermogenesis,  351 
semeiologv  of  infectious,  487 
Lungs.     See  also  Respiratory  apparatus, 
classification  of  lesions  of,  of  infec- 
tious origin,  460 
gangrene  oi,  238 
m  infectious  diseases,  458 
normal  physiology  of,  458 
protective  r61e  of*  156,  760 
r61e  of,  in  thermogenesis,  351 
Lymphatic  glands,  histological  studv  of, 
384 
in  infections,  382 
inflammation  of,  in  variola,  386 
protective  r61e  of,  154 


MALLEIN,  625,  694 
Mammarv    glands,   gangrene   of, 
235 
Measles,  buccopharvngeal  manifestations 

in,  470 
Medication,  depletive,  771 
physiological,  757 
specific,  676 
symptomatic,  819 
vasomotor.  771 
Meningitis,  infectious,  426 
Menstruation,  influence  of  infections  on, 

490 
Mercury,  678 
Meteorological    influence  on   infections, 

84 
Miasmatic  diseases,  18 
Microbes.     See  also  Bacteria, 
association  of,  135-153 
modifications  of  action  of  liver  upon, 

159 
necrosing  r61e  of  pvogenic,  234 
passage  of,  through  placenta,  580 
toxins  of  pyogenic,  129 
Microbic  associations.  135-153,  160 

products,  favorable  to  infection,  137 
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Milky  ptmmgib  of  Mtive  «ib<Uneeg  into, 


rOte  of y  in  the  tnuoundnion  of  infold 
tiottiL76 
Montht  iHD&qpiis  of ,  eeS 

buoQopluayngeal  imnifriHtttlnm  in 
moailftii,  47D 

in  Ttfioella,  472 

in  vanolAy  473 

in  various  infeetkm^  473 
liiinniii%  non-onnniGy  of  lieart^  418 
Ifatotos  or  mnacunr  ajslem  in  infeotKMi^ 

488 
Ihreoiw  in  man.  819 
]^«ttti^414 

in  ▼nrions  infections,  417 
Mjroeaiditis,  acuto,  446 


N'SPHRmB  eaused  by  serum  injeo- 
tloii8»742 
Nsrvoos  oooneotionsy  887 

manifostations,  troatment  of,  831 
iQratflm.  oonneetionB  of  ,  887 
infection  tbiDud^  106 
inmfections,  408 
rOle  of 9  in  devclopmsnt  of  gui- 
graDe,281 
nervous  aherataons  in  snp- 
puimtion,  197 
suppui&tion  of  ,  233 
treatmmt  of  manifestations  of, 
821 
Neurites,  419 
Neuropathies,  influence  of  infections  on, 

427 
Neuroses  following  infections,  423 

post-infectious,  423 
Nocsjdia  farcinosa,  39 
Nodular  infections,  272-322 

lesions,  treatment  of,  783 
Nose,  nasal  suppurations,  213 


OBNUBILATION,  408 
Oidiomycosis.     See  also  Endomy- 
cosis. 
biolo^  of  parasite  of,  302 
expenmental,  307 
histological  study  of,  309 
nature  of,  312 
Oidium  albicans,  302 

characters  of  cultures  of,  304 
r6le  of,  in  human  pathology, 
304 
Omentum,  protective  role  of,  154 
Odmyces,  40 
Odspora  asteroides,  39 
Organism,  defenses  of,  154,  181 

influence  of  infections  on,  359-493 
reactions  of,  against  infections,  166 

inflammatory,  168 
return  of,  to  a  former  state  of  its 
evolution,  549 


Oigmism,  si^ipuratiMi  in  various  puti 

of,  313 
Oigans.    8ee  also  Tlssuas  and  Odk 
action  of  various^  upon 

poisons^  164 
omtignity  of ,  834 
modmcations  of  hematopoietic^  M 
of  sense,  action  of  inf eelKms  on,  428 
infection  br,  106 
Oote^Mthies,  inf ectKHis^  440 
OverwoA,  infiuenoe  of,  upon  infeetioos, 
94 


T>ANGREAS,  action  of  infectionB  on, 

suigiNmtions  of,  221 
PtoaljTSis  or  paia^raes,  acute  ascending, 

dipbthmtic,  420 
eryaipeiatous,  423 
gateral,  rAle  of  inf ecticms  in  devdop- 
msnt<tf,408 

Btfarites  capa(>le  ai  inducing  soppors- 
tion,  188 
pyogenie,  animal,  192 

rdative  freqnem^  of,  198 
vegetable,  191 
Parasitic amits,  action of^SS 
Parrots,  tttbercuiosis  of ,  308 
Pathogeneflis  oi  infections,  98-184 
Pathogenic  agents,  mode  of  action  of, 

108 
of  entrance  of,  101 
search  for  by  microscopic  ex- 
amination and  cultivation, 
607 
selective  injuriousness  of,  100 
Pericarditis,  452 
Peritonitis,  tubercular,  775 
Peroxide  of  hydrogen  in  treatment  of 

gangrene,  781 
of  hemorrhages,  792 
Perspiration,  437 
Phycomyces,  40 
Pigmentary  degeneration,  331 
Pigments,  oacterial,  variability  of,  47 
Placenta,  intraplacental  transmission  of 
chronic  mfections,  593 
passage  of  microbes  through,  580 
Plants,  rdle  of,  in  transmission  of  infec- 
tions, 74 
Plasmodium  malarise,  42 
Pleura,  lesions  of,  in  infections,  465 
Pleurisy  or  pleurisies,  gangrenous  and 
fetid,  240 
hemorrhagic,  467 
purulent,  467 
serous,  465 
treatment  of,  772 
Pneumococcosis,  senimtherapy  of,  710 
Pneumoooccus,  187 
toxin  of,  130 
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Pneumonia,  clinical  forms  of,  515 

crisis  in,  521 
Poisons.    S^  also  Ptomains  and  Toxins, 
action  of,  on  infections,  91 
liver  on,  162 

of  various  organs  on  microbic, 
164 
defenses  of  organism  against,  162 
found  in  infected  organisms,  131 
microbic,  109 
ptomain,  113 
putrid,  109 
Predisposition.  88,  551-579 

congenital,  599 
Pregnancy,   influence  of  infections  on, 

491 
Prognosis,  bases  of,  at  stationary  period, 
635 
^neral  rules  of,  639 
importance  of  duration  of  incuba- 
tion and  of  mode  of  invasion  in, 
635 
of  infectious  diseases,  631 
influence  of  age  on,  632 
of  epidemics  on,  633 
of  sex  on,  633 
of  serumtherapy  accidents,  747 
Prophylaxis  by  serum,  861 
Proteobacillosis,  serumtherapy  of,  712 
Protozoa,  infectious,  41 
Pseudomembranes,  176 

diphtheritic,  177 
Pseudomembranous  exudates,  treatment 

of,  781 
Pseudotuberculosis,  295 

by  animal  parasites,  bacterial,  298 
human,  301 
micotic,  297 
by  inanimate  substances,  295 
Ptomains.     See  also  Poisons  and  Toxins. 

table  of,  113 
Pulmonary  gangrene,  238 
Purulent  exudates,  treatment  of,  777 
foci,  development  and  evolution  of, 

208 
pleurisy.  467 
Pus.     See  also  Suppuration  and  Puru- 
lent Foci, 
physical  and  chemical  characters  of, 
204 
Putrefactions,  gastrointestinal,  114-120 
Pyemia.    See  also  Septicemia, 
of  animals,  255 
attenuated  form  of,  264 
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SURGERY.  In  Contributions  by  American  Authors.  In  four  very  handsome  octavo 
volumes,  containing  3652  pages,  with  1585  engravings,  and  45  fiill-page  plates  in  colon 
and  monochrome.  Per  volume,  cloth,  $6;  leather,  $7;  half  morocco,  gilt  back  and 
top,  $8.50.    For  taie  by  subacripHon  only.    Full  prospectus  free. 

DERCUM  (FRANCIS  X.).  Editor.  A  TEXT-BOOK  ON  NERVOUS  DIS- 
EASES. By  American  Authors.  Octavo,  1054  pages,  with  341  engravings  and  7 
colored  plates. 

DE  SCHWEINITZ  (GEORGE  E.).  THE  TOXIC  AMBLYOPIAS.  Very  hand- 
some  octavo,  240  pages,  46  engravings,  and  9  full-page  plates  in  colors.  De  luxe  bind- 
ing, $4,  neL 

DRAPER  (JOHN  C).  MEDICAL  PHYSICS.  A  Text-book  for  Students  and  Fno- 
titioners  of  Medicine.    Octavo  of  734  pages,  with  376  engravings.    Cloth,  $4. 

DRUITT  (ROBERT).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SURGERY.  From  the  twelfth  London  edition,  edited  by  Stanley  Botd,  F.RC.8. 
Large  octavo,  965  pages,  with  373  engravings.    Cloth,  $4 ;  leather,  $5. 

DUANB  (ALEXANDER).  A  DICTIONARY  OF  MEDICINE  AND  THE 
ALLIED  SCIENCES.  Comprising  the  Pronunciation,  Derivation  and  Full  Explan- 
adon  of  Medical,  Dental,  Pharmaceutical  and  Veterinary  Terms.  Together  with  much 
Collateral  Descriptive  Matter,  Numerous  Tables,  etc  Fourth  edition,  with  Appendix. 
Square  octavo  volume  of  688  pages  with  8  colored  plates  and  thumb  index.  Cloth, 
$3.00,  net;  limp  leather,  $4.00,  net. 

DUDLEY  (E.  C).  PRINCIPLES  AND  PRACTICE  OF  GYNECOLOGY  Third 
edition.  Octavo,  756  pages,  with  474  engravings,  of  which  60  are  colored,  and  22  full 
page  plates  in  colors  and  monochrome.  Cloth,  $5.00,  net;  leather,  $6.00,  net;  half 
morocco,  $6.50,  ne(. 

DDNGLISON  (ROBLET).  A  DICTIONARY  OF  MEDICAL  SCIENCE.  Con- 
taining  a  full  Explanation  of  the  Various  Subjects  and  Terms  of  Anatomy,  Physiologyi 
Mediod  Chemistry,  Pharmacv,  Pharmacology,  Therapeutics,  Medicine,  Hygiene,  Dieteticf. 
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MEDICAL  ESSA  YS,    In  one  12mo.  volume  of  210  pages.    Cloth,  $1.38. 
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edition.    Octavo,  591  pages.    Cloth,  $4.50. 

ON  PHTHISIS.    In  one  8vo.  volume  of  442  pages.    Cloth,  $3.50. 
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POSTER  (MICHAEL).  A  TEXT-BOOK  OF  PHYSIOLOGY.  Sixth  and  reviaed 
edition.    Octavo,  923  pages,  with  257  illustrations.    Cioih,  $4.50;  leather,  $5.50. 

FOTHERGILL  (J.  MILNER).  HAND-BOOK  OF  TREATMENT.  Third  edition. 
Octavo,  664  pageb.    Cloth,  $3.75 ;  leather,  $4.75. 

FOWNES  (GEORGE).  A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 
Twelfth  edition.  Embodying  Watts'  Phyneal  and  Inorganic  Chemistry.  Royal  12ma, 
1061  pages,  with  168  engravings,  and  1  colored  plate.    Cloth,  $2.75 ;  leather,  $3.25. 

FRANKLAND  (E.):AND  JAPP  (P.  R.).    INORGANIC  CHEMISTRY.    Octavo, 
677  pages,  with  51  engravings  and  2  plates.    Cloth,  $3.75 ;  leather,  $4.75. 

FULLER  (EUGENE).  DISORDERS  OF  THE  SEXUAL  ORGANS  IN  THB 
MALE.    Octavo,  238  pages,  with  25  engravings  and  8  plates.    Cloth,  $2. 

OALLAUDET  (BERN  B.).  A  POCKET  TEXT-BOOK  OF  SURGERY. 
12mo.  of  about  500  pages,  with  manv  illustrations.  In  Pre$8.  Ltd  9  Seriei  of  Podtet 
Text-Books.    Page  12. 

OANT  (FREDERICK  JAMES).  THE  STUDENT'S  SURGERY.  A  Multum  in 
Parvo.    In  one  square  octavo  volume  of  845  pages,  with  159  engravings.    Cloth,  $3.75^ 

GAYLORD  (HARVEY  R.)  AND  ASCHOPF  (LUDWIG).  PATHOLOGICAL 
HISTOLOGY.  With  introductory  note  by  William  H.  Welch,  M.D.  Quarto,  854 
pages,  with  81  engravings  and  40  full-page  plates.     Cloth,  $7.50,  neL 

GERRISH  (FREDERIC  H.).  A  TEXT-BOOK  OF  ANATOMY.  By  American 
Authors.  Edited  by  Frederic  H.  Gebrish,  M.D.  Second  edition.  Imp.  octavo, 
937  pages,  with  1003  illustrations  in  black  and  colors.  Cloth,  $6.50;  sheep,  $7.50,  net; 
half  morocco,  $8. 00,  neL 

OIBBES    (HENEAGE).    PRACTICAL  PATHOLOGY  AND  MORBID  HLS- 

TO  LOG  Y.  Octavo  of  314  pages,  with  60  illustrations,  mostly  photographic.   Cloth,  $2.75. 

ORAT  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL.  Fifteenth 
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and  elaborate  engravings.  Price  with  illustrations  in  colors,  cloth,  $6.25,  ne<;  leather, 
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GRAYSON    (CHARLES   P.).     DISEASES   OF  THE   THROAT,   NOSE,  AND 

ASSOC  I  A  TED  .  1 FFECTIONS  OF  THE  E.  i  R.     Octavo,  548  pages,  with  129  engrav- 
ings and  8  plates  in  colors  and  monochrome,     (loth,  $3.50,  net. 

GREEN  (T.  HENRY).     PATHOLOGY  AND    MORBID   ANATOMY.    Ninth 

revised  edition.     Octavo,  565  pages,  with  339  engravings  and  4  colored  plates.     Cloth, 
$3.25,  net. 

GREENE  (WILLIAM  H.).    MEDICAL   CHEMISTRY.    12mo.,  310  pages,  with 

74  illustrations.     Cloth,  $1.75. 
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QBOSS  (BAMmiL  D,).  ^HE  URINARY  BLADDER,  THE  PROSTATE 
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HABDAWAY  (W.  A.),  MANUAL  OF  SKIN  DISEASES.  Second  edition. 
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PRACTICAL  DIAGNOSIS.    The  Use  of  Symptrau  in  the  Magniias  of  M»- 

Mne.  Fifth  edition,  revised  and  enlarged.  Octavo,  7'27  pagea,  with  HUi  engravings, 
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' Bditor.    A  SYSTEM  OF  PRACTICAL  THERAPEUTICS.     Bj  AmericM 
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EASBINaTON  (OHAELES).  A  TREATISE  ON  PRACTICAL  HYGIENE 
Second  edition.  Hand«ome  octavo  of  766  pagas,  with  113  engravinga  and  12  platea  in 
colon  and  monochrome.     Cloth,  $4.26,  riet. 
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of  Anatomj,  Phj'sioloKT,  Chemistry,  Materia  Hedica,  Practice  of  Medione^  SurgOT  and 
ObHtetricu.     Second  edition.     12dio.,  1028  pages,  with  477  illuitratioiiB.     Cloth,  H.Sb; 

leather,  |5. 

HAYDEN  (JAMES  R.).  A  POCKET  TEXT-BOOK  OF  VENEREAL  DIS- 
EASES. Third  edition.  In  one  12mo.  volume  of  304  pagea,  with  S6  engraviiifk 
Cloth,  $1.76,  nit.  ]  Flexible  red  leather,  $2.25,  ne/.  Lia'g  Stria  of  Poeift  Tiat-Beott. 
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HAYEU  (GEORGES)  AND  BABE  (H.  A.).  PHYSICAL  AND  NATURAL 
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HEBBIOK  (JAMES  B.).  ^  HANDBOOK  OF  DIAGNOSIS.  In  one  handsome 
12mo.  volume  of  429  pi^g:eB,  with  80  engravings  and  2  colored  plates.     Cloth,  $2.50. 

HEBTEB    (0.  A.).     LECTURES   ON   CHEMICAL   PATHOLOGY,    In  one 

12  mo.  volume  of  454  pages.     Cloth,  $1.75,  neL 

HILL  (BEBKBLEY).  SYPHILIS  AND  LOCAL  CONTAGIOUS  DISORDERS. 
In  one  8vo.  volume  of  479  pages.     Cloth,  $3.25. 

ITTT.T.rRH.  (THOMAS).  A  HANDBOOK  OF  SKIN  DISEASES,  Second  edition. 
In  one  royal  12mo.  volume  of  353  pages,  with  two  plates.     Cloth,  $2.25. 

HIBST  (BABTON  0.)  AND  PIEBSOL  (OEOBOE  A.).  HUMAN  MONSTROS- 
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HOBLYN  (BIOHABD  D.).  A  DICTIONARY  OF  THE  TERMS  USED  IN 
MEDICINE  AND  THE  COLLATERAL  SCIENCES,  Thirteenth  edition.  In 
one  12mo.  volume  of  845  pages.     Cloth,  $3.00,  neL 

HOLMES  (TIMOTHT).  A  TREATISE  ON  SURGERY.  Fifth  edition.  OcUvo, 
1008  pages,  with  428  engravings.     Cloth,  $6 ;  leather,  $7. 

A  SYSTEM  OF  SURGERY.    Edited  by  John  H.  Packard.  M.D.     In  three 


Svo.  volumes,  3137  pages,  979  engravings,  13  plates.     Per  volume.  Cloth,  $6. 

HUNTINOTON  (GEOBGE  S.).  ABDOMINAL  ANATOMY,  Imperial  quarto, 
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HYDE  (JAMES  NEVINS)  AND  MONTOOMEBY  (FBANK  H.).  A  PRAC- 
TICAL TREATISE  ON  DISEASES  OF  THE  SKIN,  Sixth  edition,  thoroughlv 
revised.  Octavo,  832  pages,  with  107  engravings  and  27  full-pase  plates,  9  of  whicn 
are  colored.    Cloth,  $4.50,  net;  leather,  $5.50,  net;  half  morocco,  $6.00,  neL 

JACKSON  (GEOBGE  THOMAS).  THE  READ  Y-REFERENCE  HANDBOOK 
OF  DISEASES  OF  THE  SKIN,  Fourth,  edition.  12mo.  volume  of  617  pages, 
with  82  engravings,  and  3  colored  plates.    Cloth,  $2.75,  neL 

JAMIESON  (W.  ALLAN).  DISEASES  OF  THE  SKIN,  Third  edition.  Octovo, 
656  pages,  with  1  engraving  and  9  double-page  chromo-lithographic  plates.     Cloth,  $6. 

JEWETT  (CHABLES).  ESSENTIALS  OF  OBSTETRICS.  Second  edition. 
12mo.,  385  pages,  with  80  engravings  and  5  colored  plates.     Cloth,    $2.25,  neL 

m 

THE  PRACTICE  OF  OBSTETRICS.     By  American  Authors.    Second  edition. 

One   octavo  volume  of  775  pages,   with  445  engravings  in  black  and  colors,  and  35 
full-page  colored  plates.     Cloth,   $5.00 ;  leather,  $6.00 ;  half  morocco,  $6.50. 

JULEB  (HENBY).  A  HANDBOOK  OF  OPHTHALMIC  SCIENCE  AND 
PRACTICE.  Second  edition.  Octavo,  549  pages,  with  201  engravings,  17  chromo- 
lithographic  plates,  test-types  and  Color-Blindness  Test.     Cloth,  $5.50;  leather,  $6.50. 

KELLY  (A.  0.  J.)  A  MANUAL  OF  THE  PRACTICE  OF  MEDICINE. 
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KIBK  (EDWABD  C).  OPERATIVE  DENTISTRY,  Second  edition.  See 
American  Tezl-booki  of  Dentistry^  page  2. 

KING  (A.  F.  A.).  A  MANUAL  OF  OBSTETRICS.  Eighth  edition.  In  one 
12mo.  volume  of  612  pages,  with  264  illustrations.     Cloth,  $2.90,  net. 

KLEIN  (E.).  ELEMENTS  OF  HISTOLOGY.  Fifth  edition.  In  one  pocket-ai«e 
12mo.  volume  of  506  pages,  with  296  engravings,  (.'loth,  $2.00,  net.  Students'  Series  of 
Manuals.     Page  15. 
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12mo.,  321  pages,  6  engravings,  18  plates.     Cloth,  $3.00,  net. 
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In  four  very  handsome  octavo  volumes  of  about  900  pages  each,  fiilly  illnstrated  in  black 
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LYMAN  (HENRY  M.).  THE  PRACTICE  OF  MEDICINE.  In  one  very  hand- 
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MACKENZIE  (JOHN  NOLAND).     THE  DISEASES  OF  THE  NOSE  AND 

THROAT.    Octavo,  of  about  600  pages,  richly  illustrated.     Prtpanng, 

MAISCH   (JOHN  M.).    A  MANUAL   OF  ORGANIC  MATERIA    MEDICA. 
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MALSBARY  (GEO.  E.).     A   POCKET  TEXT-ROOK  OF  THEORY  AND 

la.    Cloth 
Page  12. 


PR  A  GTICE  OF  MEDICINE.    12mo.  405  pages,  with  45  iUostrationa.    Cloth,  $1.76, 
net;  flexible  red  leather,  $2.25,  net     Lea!  b  SeneB  of  Pocket  TesOf  Books, 
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MANTON  (W.  P.).  AN  EPITOME  OF  OBSTETRICS,  12mo.,  265  pages,  82 
illustrations.     Cloth,  $1.00,  iieL    Xea'«  Series  of  Medical  Epitomes,     See  page  10. 

MANUALS.  See  StudenU^  Quiz  Series,  page  14 ;  SiudenUf  Manuals,  page  15 ;  Clinical 
Manuals,  page  13;  Medical  Epitomes,  page  10 ;  Pocket  Text-Books,  page  12. 

MARSH  (HOWARD).  DISEASES  OF  THE  JOINTS.  Id  one  12mo.  volume  of 
468  pages,  with  64  engravings  and  a  colored  plate.  Cloth,  $2.  See  Series  of  ClivMoi 
ManwjJ^  page  13. 

MARTIN  (EDWARD.)  SURGICAL  DIAGNOSIS,  One  12mo.  volume  of  400 
pages,  richly  illustrated.     Preparing, 

MARTIN  (WALTON)  AND  ROCKWELL  (W.  H.,  JR.).  A  POCKET  TEXT- 
BOOK OF  CHEMISTRY  AND  PHYSICS.  12mo.  366  pages,  with  137  illus- 
trations. Cloth,  $1.50,  net;  flexible  leather,  $2.00,  net.  Lea's  Series  of  Pocket  Text- 
Books,     Page  12. « 

McQL ANNAN  (A.).  AN  EPITOME  lOF  CHEMISTRY  AND  PHYSICS, 
12mo,  250  pages,  illustrated.  Cloth,  $1.00,  neL  Lea's  Series  of  Medical  Epitomes.  See 
page  10. 

MEDICAL  NEWS  POCKET  FORMULARY.    See  page  1.    $1.50,  net. 

MITCHELL  (JOHN  K.).  REMOTE  CONSEQUENCES  OF  INJURIES  OF 
NERVES  AND  THEIR  TREATMENT.  12mo.,  239  pages,  12  illustrations,  aoth, 
$1.76. 

MITCHELL  (S.  WEIR).  CLINICAL  LESSONS  ON  NERVOUS  DISEASES. 
12mo.,  299  pages,  with  17  engravings  and  2  colored  plates.     Cloth,  $2.50. 

MORRIS  (MALCOLM).  DISEASES  OF  THE  SKIN,  Second  edition.  12mo., 
601  pages,  with  10  chromo-lithographic  plates  and  26  engravings.     Cloth,  $3.25,  neL 

MORROW  (PRINCE  A.).  THE  RELATIONS  OF  VENEREAL  DISEASES 
WITH  MARRIAGE,    Octavo,  about  450  pages,  with  many  illustrations.     Preparing, 

MULLER  (J.).  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY.  In  one 
large  8vo.  volume  of  623  pages,  with  538  engravings.     Cloth,  $4.50. 

MUSSER  (JOHN  H.).  A  TREATISE  ON  MEDICAL  DIAGNOSIS,  for  Students 
and  Physicians.  Fourth  edition.  Octavo,  1104  pages,  with  250  engravings  and  49  full- 
page  colored  plates.     Cloth,  $6.00;  leather,  $7.00;  half  morocco,  $7.50,  net. 

NATIONAL  DISPENSATORY.    See  StilU,  Maisch  &  Caspari,  page  14. 

NATIONAL    FORMULARY.      See  National  Dispensatory,  page  14.. 

NATIONAL  MEDICAL  DICTIONARY.    See  BiUings,  page  3. 

NETTLESHIP  (E.).  DISEASES  OF  THE  EYE.  Sixth  American  from  sixth 
English. edition.  Thoroughly  revised.  12mo.,  562  pages,  with  192  engravings,  5  colored 
plates,  test-types,  formiibe  and  color-blindness  test.     Cloth,  $2.25,  net. 

NICHOLS  (JOHN  B.)  AND  VALE  (F.  P.).  A  POCKET  TEXT-BOOK  OF 
HISTOLOGY  AND  PATHOLOGY,  Itimo.  of  459  pages,  with  213  illustrations. 
Cloth,  $1.75,  net ;  flexible  leather,  $2.25,  net.    Lea's  Scries  of  Pocket  Text-Books.    Page  12. 

NORRIS  (WM.  F.)  AND  OLIVER  (CHAS.  A.).  TEXT-BOOK  OF  OPHTHAL- 
MOLOGY. In  one  octavo  volume  of  641  pages,  with  357  engravings  and  5  colored 
plates.     Cloth,  $5 ;  leather,  $G. 

OWEN  (EDMUND).  SURGICAL  DISEASES  OF  CHILDREN.  In  one  12mo. 
volume  of  525  pages,  with  85  engravings  and  4  colored  plates.  Cloth,  $2.  See  Series  of 
Clinical  Manuals,  page  13. 

PARK  (WILLIAM  H.).  BACTERIOLOO  Y  TN  MEDICINE  AND  SURGERY. 
12mo.,  688  pages,  87  engravings  in  black  and  colors,  2  colored  plates.     Cloth,  $3.00,  net, 

VIlWL  (ROSWELL),  Editor.  A  TREA  TISE  ON  SURG ER  F,  by  American  Authore. 
For  Students  and  Practitioners  of  Surgery  and  Medicine.  Third  edition.  In  one 
large  octavo  volume  of  1408  pages,  v-'.ih  692  engravings  and  64  plates.  Cloth,  $7.00; 
leather,  $8.00,  net.     Published  also  in  2  volumes  at  5?3.75,  net,  per  volume,  cloth. 
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BICHAEDSON  (MA.XJRIOE  H.).  ^  PRACTICAL  TREATISE  ON  ABDOMI- 
NAL SURQERY,  Octavo,  about  800  pages,  profnfiely  illastrated  with  engravings 
and  colored  plates.    Preparing. 

RICHARDSON  (BENJAMIN  WARD).  PREVENTIVE  MEDICINE  In  one 
octavo  volume  of  729  pages.    Cloth,  $4. 

ROBERTS  (JOHN  B.).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SUROER  Y.  Second  edition.  In  one  octavo  volume  of  838  pages,  with  474  engravings 
and  8  plates.     Cloth,  $4.25,  net;  leather,  $5.25,  neL 

BOOKWELL  (W.  H.,  Jr.).  A  POCKET  TEXTBOOK  OF  ANATOMY.  12mo., 
600  pages,  illustrated.  Cloth  $2.25;  flexible  leather,  $2.75,  net  Lea^s  Series  of  Pocket 
Text-Books.     Page  12. 

BOSS  (JAMES).  THE  DISEASES  OF  THE  NERVOUS  SYSTEM.  OcUvo, 
726  pages,  with  184  engravings.     Cloth,  $4.50;  leather,  $5.50. 

SOHAFER  (EDWARD  A. ).  THE  ESSENTIALS  OF  HISTOLOO  F,  DESCRIP- 
TIVE AND  PRACTICAL.  Sixth  edition.  Octavo,  426  pages,  with  463  illustra- 
tions.    Cloth,  $3,  neL 

A    COURSE    OF  PRACTICAL   HISTOLOGY.    Second  edition.     In    one 


12mo.  volume  of  307  pages,  with  59  eng^vings.     Cloth,  $2.25. 

8CHALEK  (ALFREDJ.  AN  EPITOME  OF  DERMATOLOGY.  12mo.,  226 
page?,  34  illustrations.    Cloth,  $1.00,  net.    Lea! a  Series  of  Medical  Epitomes.   See  page  10. 

80HLEIF  (WM.).  A  POCKET  TEXT-BOOK  OF  MATERIA  MEDIC  A, 
THERAPEUTICS,  PRESCRIPTION  WRITING,  MEDICAL  LATIN  AND 
MEDICAL  PHARMACY.  Second  edition.  12mo.,  380  pages.  Cloth,  $1.75; 
flexible  leather,  $2.25,  net     Le^Cs  Series  of  Pocket  Text- Books.     Page  12. 

SOHMAUS  (HANS.)  AND  EWINO  (JAMES).  PATHOLOGY  AND  PATH- 
OLOGJCAL  ANATOMY.  Sixth  edition.  Octavo,  602  pages,  with  351  illustrations, 
including  34  colored  Inset  plates.     Cloth,  $4.00,  net.     Just  Ready. 

SCHMIDT  (LOUIS  E.).  AN  EPITOME  OF  GENITOURINARY  AND  VENE- 
REAL  DISEASES.  12mo,  249  pages,  21  illustrations.  Cloth,  $1.00,  net.  Lea's 
Senes  of  Medical  Epitomes.    See  page  10. 

SOHREIBER  (JOSEPH).  A  MANUAL  OF  TREATMENT  BY  MASSAGE 
AND  METHODICAL  MUSCLE  EXERCISE.  Translated  by  Walter  Mendkl- 
80N,  M.  D.,  of  New  York.     Octavo,  274  pages,  with  117  engravings. 

SCOTT  (R.  J.  E.  )•    S^  State  Board  Examinations,  page  14. 

SENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  which  are  colored,  and  9  engravings, 
aoth,  $2. 

SERIES  OF  CLINICAL  MANUALS.  A  Series  of  Authoritative  Monographs  ol 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
following  volumes  are  now  ready:  Carter  and  Frost's  Ophthalmic  Surgery,  $2.25; 
Marsh  on  Diseases  of  the  Joints,  $2 ;  Owen  on  Surgical  Diseases  of  Children,  $2  ; 
Pick  on  Fractures  and  Dislocations,  $2. 

For  separate  notices,  see  under  various  authors'  names. 

SERIES  OF  POCKET  TEXT-BOOKS.    See  page  12. 

SERIES  OF  STATE  BOARD  EXAMINATIONS.    See  page  14. 

SERIES  OF  STUDENTS'  MANUALS.    See  page  15. 

SIMON  (CHARLES  E.).  CLINICAL  DIAGNOSIS,  BY  MICROSCOPICAL 
AND  CHEMICAL  METHODS.  Fourth  revised  edition.  Octavo,  608  pages,  with 
139  engravings  and  19  full-page  plates  in  colors.     Cloth,  $3.75,  net. 

PHYSIOLOGICAL   CHEMISTRY.     In    one    octavo  volume    of   453    pages. 


Cloth,  $3.25,  net. 
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THERAPBUTiaS  AND  MATERIA  MEDIOA.    Foorth  and  Mfttad  aditfoa. 


la  two  octavo  toIiuimbi  ocmtaininff  1066  pages,    doth,  $10. 

STILLE  (ALFRED),  MAISOH  (JOHN  M.)  AND  0A8PABI  (0HA8.  JB.). 

THE  NATIONAL  DISPENSATORY:  Containing  the  Natural  History,  Chemirtrj, 
Pharmacy,  Actions  and  Uses  of  Medicines,  inclading  those  recognised  in  the  latest  Phar- 
macopoeias of  the  United  States,  Great  Britian  and  Germany,  with  nomeroas  referencei 
to  the  French  Codex.  Fifth  edition,  revised  and  enlarged  in  accordance  with  and  embrac- 
ing the  new  U.  S.  Pharmacopana^  Seventh  Decennial  Reyision.  With  Sapplement  contain- 
ing the  new  edition  of  the  National  Fonnulary.  Imperial  octavo,  2025  pages,  with  620  en^ 
gravings     Cloth,  $7. 25 ;  leather,  $8.    With  Thumb  Index.    Cloth,  $7.75 ;  leather,  $8.50. 

8TIMS0N  (LEWIS  A.).    A  MANUAL  OF  OPERATIVE  SURGERY.    Fourth 
edition.     In  one  royal  TJmo.  volume  of  581  pages,  with  293  engravings.    Cloth,  $6.00,  wf. 

A  TREA  TISE  ON  FRACTURES  AND  DISLOCATIONS.     Third  ediUoo. 


In  one  handsome  octavo  volume  of  842  pages,  with  386  engravings  and  32  full-page 
plates.     Cloth,  $5  ud  ;  leather,  $6,  net;  half  morocco,  $6.50,  neL 

STUDENTS'  QUIZ  SERIES.  A  Series  of  Manuals  in  question  and  answer  form,  for 
Students  and  PractitionerK,  covering  the  essentials  of  medical  science.  Thirteen  volumtt, 
pocket  size,  convenient,  authoritative,  well  illustrated,  handsomely  bound  in  doth, 
and  isHued  at  a  low  price.  1.  Anatomy  (double  number);  2.  Physiology;  3.  Chemistry 
and  Physics;  4.  Histolojcy,  Pathology  and  Bacteriology;  6.  Materia  Medica  and  Thera- 
peutics ;  t).  Practice  of  Medicine ;  7.  Surgery  (double  number) ;  8.  Geoito-Urinary  and 
venereal  Diseasefi ;  9.  Diseases  of  the  S&i ;  10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetrics;  12.  Gynecology;  13.  Diseases  of  Children.  Price,  $1  each,  except 
Nos.  1  and  7,  Anatomy  and  Surpery,  which  being  double  numbers  are  priced  at  $1.75  eacL 
Full  specimen  circular  on  application  to  pubiisheni. 
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STX7DENTS'  SERIES  OF  MANUALS.  A  Series  of  Manuals  by  Eminent  Teachers 
or  Examiners.  The  volumes  are  pocket-size  12mo6.  of  from  300-540  pages,  profusely 
illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  now  be  an- 
nounced: Herman's  First  Lines  in  Midwifery,  $1.25;  Bruce's  Materia  Medica  and 
Therapeutics  (sixth  edition),  $1.50,  net;  Klein's  Elements  of  Histology  (5th  edition), 
$2.00,  net;  Pepper's  Surgical  Pathology,  $2;  Treves'  Surgical  Applied  Anatomy, 
$2.00;   Raxfe's  Clinical  Chemistry,  $1.50. 

For  separate  notices,  see  under  various  authors'  names. 

STUBGES  (OOTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY  OF  CLIN- 
ICAL MEDICINE,     In  one  12mo.  volume.    Cloth,  $1.25. 

8UTEB  (W.  NORWOOD).  A  MANUAL  OF  REFRACTION  AND  MOTILITY. 
12mo.,  382  pages,  101  engravings,  4  colored  plates.     Cloth,  $2.00,  net.     Just  Ready. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE  OVARIES 
AND  FALLOPIAN  TUBES.  Including  Abdominal  Pregnancy.  In  one  12mo.  vol- 
ume of  513  pages,  with  119  engravings  and  5  colored  plates.    Cloth,  $3. 

8ZYM0N0WI0Z  (L.)  AND  MacCALLUM  (J.  BRUCE).  A  TEXTBOOK  OF 
HISTOLOGY  OF  THE  HUMAN  BODY:  including  Microscopical  Technique. 
Octavo,  437  pages,  with  277  original  engravings  and  57  inset  plates  in  black  and  colors, 
containing  81  figures.     Cloth,  $4.75,  ne^     Just  Ready. 

TAIT  (LAWSON\  DISEASES  OF  WOMEN  AND  ABDOMINAL  SURGERY. 
Vol.  I.  contains  554  pages,  62  engravings,  and  3  plates.     Cloth,  $3. 

TAYLOR  (ALFRED  S.).  MEDICAL  JURISPRUDENCE.  From  the  twelfth 
fjifflish  edition,  revised  by  Cuirk  Bell,  Esq.,  of  the  N.  Y.  Bar.  Octavo,  831  pages, 
with  54  engravings  and  8  full-page  plates.     Cloth,  $4.50;  leather,  $5.50. 

TATLOB  (BOBEBT  W.).  GENITO-URINARY  AND  VENEREAL  DIS- 
EASES AND  SYPHILIS.  Second  edition.  Octavo,  720  pages,  with  135  engravings 
and  27  colored  plat^.    Cloth,  $5.00 ;  leather,  $6.00 ;  half  morocco,  $6.50,  net. 


A  PRACTICAL  TREATISE  ON  SEXUAL  DISORDERS  lA  THE  MALE 

AND  FEMALE.      Second  edition.     Octavo,  434  pages,  with  91   engravings  and  13 
plates.     Cloth,  $3.00,  neL 

A    CLINICAL   ATLAS   OF    VENEREAL   AND    SKIN    DISEASES. 


Including  Diagnosis,  Pro^osis  and  Treatment.  In  eight  large  folio  parts*,  measuring 
14  z  18  inches,  and  comprising  213  beautiful  figures  on  58  full-page  chromo-lithonaphic 
nlates,  85  fine  engravings,  and  425  pages  of  text  Bound  in  one  volume,  half  Turkey 
Morocco,  $28.     Specimen  plates  by  mail. 

TATLOB  (SETMOUB).  INDEX  OF  MEDICINE.  A  Manual  for  the  use  of  Senior 
Students  and  others.    In  one  large  12mo.  volume  of  802  pages.     Cloth,  $3.75. 

THOMAS  (T.  OAILLABD)  AND  MUNDE  (PAUL  F.).  A  PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN.  Sixth  edition,  thoroughly 
revised.     Octavo  824,  pages,  with  347  engravings.     Cloth,  $5 ;  leather,  $6. 

THOMPSON  (W.  OILMAN).  A  TEXT-BOOK  OF  PRACTICAL  MEDICINE. 
For  Students  and  Practitioners.  Second  edition.  Octavo,  1014  pages,  with  59  illustra- 
tions.    Cloth,  $5.00,  leather,  $G.OO,  half  morocoo,  $6.50,  nrt.     Jmt  Ready. 

THOMPSON  (SIB  HENBY).  THE  PATHOLOGY  AND  TREATMENT  OF 
STRICTURE  OF  THE  URETHRA  AND  URINARY  FISTULjE.  From  the 
third  English  edition.    Octavo,  359  pages,  with  47  engravings  and  3  plates.    Cloth,  $3.50. 

TIBABD  (NESTOR).  MEDICAL  TREATMENT  OF  DISEASES  AND  SYMJ*- 
TOMS.     Handsome  octavo  volume  of  627  pages,     (.'loth,  $4.00,  net. 

TBEVES  (FBEDEBICK).  OPERATIVE  SURGERY.  In  two  8vo.  volumes  con- 
taining 1550  pages,  with  422  illustrations.     Cloth,  $9;  leather,  $11. 
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TBSVSS  (FEEDEBIOK).      A  SYSTEM  OF  SUBOERY.     In  Contribution;  bj 

Twenty-Sre  English   Surgeons.      In  two  large  octavo  volumee,  containiDg  '2-29i  piges, 
with  9oO  eagnviDgs  aad  i  full-pig«  plal«s.     Per  set,  cloth,  (16. 


TUTTLE  (aEO.  M.).  ^  POCKET  TEST-BOOK  OF  DISEASES  OF 
CHILDREN.  I2roo.  374  pagea,  with  5  plates.  Cloth,  Jl,50,  ntt;  Qeiible  lesth«, 
12.1)0,  n,-L     Ua- 1  Sffi-c^  of  F.^drt  T.-rf- B",>foi,     Page  12. 

TAUOHAK  (VICTOR  0.1  AMD  NOVT  (FEEDEKIOK  0.).  CELLULAR 
TOXINS,  or  thtf  rhemicol  Faclon  in  the  ".■amsBtion  of  fisense.  Xew  (4ihi  e.lition. 
IL'iuii. ,  4^6  pages  with  fl  engravings.     Cloth,  (3,  ncr. 


VIBITINO  UBT.  THE  MEDICAL  SEWS  VISITING  LIST  for  1003.  Foui 
atvlw:  Weeklj  (dati^  for  30  (latient*) ;  Monthl;  (undated  for  120  patients  pernionth); 
Pcqietual  (imclated  for  30  patienbi  each  week) ;  and  Perpetual  (iiadaled  for  60  patienU 
MiL'li  week).  The  (io-pstjeat  book  coasiBta  of  250  pages  of  a»K>ned  blanl^.  lite  &iA 
three  BtyleH  cuntain  32  (mgtf  at  important  data,  tboroiu;hlv  revised,  and  ItiO  pagea  of 
aiBiorled  blanks.  Each  in  one  volume,  price,  (1.25  With  thomb-letlei  index  lor  quifi 
line.  2''  oentH  extra.     For  special  combinslion  nitea  see  page  1. 

WATSON  (THOMABl.  LECTURES  ON  THE  PRINCIPLES  AND  PRAC- 
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